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GRAM-PAC 
i First major improvement in 
reagent packaging in years 


This completely sealed, tough, laminated pac elimi- 
nates the traditional (and expensive) quarter-pound bottle. 
{ It eliminates overlapping sizes, cuts ordering costs, reduces 
+ shipping costs and there is no breakage to contend with. 
GRAM-PAC permits the packaging of “individual” 
amounts of reagents * easier distribution and greater 
‘ laboratory convenience. ver are packed 10 PACS to a box 
and 12 boxes to a case. Eventually, all Fisher Certified 
t Reagents will be available in the inexpensive, contaminant- 
i free GRAM-PAC, including the nearly 200 chemicals speci- 
ab fied by the American Chemical Society. 
“first” from the Chemical Manufacturing 
Division . . . to make life easier . . . for you. 


ae 1. POLVETHYLENE, next to 


reagent, for chemical inertness FISHER SCIENTIFIC 
2. ALUMINUM FOIL, for 


; strength and insulation 
| 3. ACETATE, for waterproofing Detroit Montreal 
FREE SAMPLE-a GRAM-PAC Chicago York. 

4 of Fisher Certified Reagent Sodium 
Hydroxide, ACS, is waiting for you. America's Lorgest Menufocturer- 

Write today to Fisher Scientific, 717 Laboratory Applionces and Reogent 

Forbes St., Pittsburgh 19, Pa., ask 
for “Sample GP-42” 
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PRODUCTS RECENTLY ACCEPTED 
THE A.M. A. COUNCIL ON 
PHARMACY AND CHEMISTRY 


ZINCHLORUNDESAL :—Salundek (New) (Wallace 
& Tiernan).—A mixture containing 2% 5-chloro- 
salicylanilide, 1% 5,3’-dichlorosalicylanilide, 1% 
5,4’-dichlorosalicylanilide, 3% salicylanilide N. F., 
2% undecylenic acid-N. F., and 10% zine undecyl- 
enate N. F. Their structural formulas may be 
represented as follows: 


OH Re 

/ / 
A, 


OH 


an 


Actions and Uses.—Zinchlorundesal is effective 
topically in the treatment of tinea capitis caused by 
Microsporon audouini. Its use generally should be 
restricted to this purpose because of its potential 
irritant effects, although zinchlorundesal is also 
effective in the treatment of superficial dermato- 
mycoses. If a cure is not obtained in four months, 
X-ray treatment should be considered. 


In zinchlorundesal the irritant potentialities of the 
salicylanilides are minimized because lower concen- 
trations are used, which are nevertheless highly 
effective when combined with one another and with 
the relatively nonirritating undecylenic acid com- 
ponents. The fungistatic potency of salicylanilide 
in vitro is approximately eight times that of un- 
decylenic acid against M. audouini, and the chloro- 
salicylanilides are 5 to 150 times as active as salicyl- 
anilide in inhibiting the growth of this micro- 
organism. 

Dosage.—Zinchlorundesal is applied topically in 
the form of an ointment containing the stated 
proportions of the active ingredients. It is rubbed 
on the affected and adjacent areas twice daily. 


Tests and Standards.— 


For descriptions and standards for salicylanilide, undecyl- 
enic acid, and zinc undecylenate, see the National Formulary 
under Salicylanilide, Undecylenic Acid, Compound Un- 
decylenic Acid Ointment, and Zinc Undecylenate. For tests 
and standards for 5-chlorosalicylanilide, 5,3’-dichlorosalicyl- 
anilide, and 5,4’-dichlorosalicylanilide, see the monographs 
for these materials 
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5 - CHLOROSALICYLANILIDE. — C,,;HwCINO,.— 
M. W. 247.68.—The structural formula of 5-chloro- 
salicylanilide may be represented as follows: 


OH 
4 
/ 
ci 


Physical Properties: 5-Chliorosalicylanilide is 
odorless, crystalline solid, m.p. 210-213° It is soluble in 
alkalis, but only very slightly soluble in acids. The approxi- 
mate amounts that dissolve at 25° in the following solvents 
to form 100 ml. of solution are: 2 Gm. in acetone, 0.4 Gm 
in alcohol, and 7 Gm. in ether. 5-Chlorosalicylanilide is 
fairly stable to heat, light, and moisture. 


a white, 


5,3’ - DICHLOROSALICYLANILIDE. CisHy- 
Cl.NO».—M. W. 282.12.—The structural formula of 
5,3’-dichlorosalicylanilide may be represented as 
follows: 


Physical Properties: 5,3'-Dichlorosalicylanilide is a white, 
odorless powder, m.p. 218-221°. It is soluble in alkalis, but 
only very slightly soluble in acids. The approximate 
amounts that dissolve at 25° in the following solvents to 
form 100 mil. of solution are: 3 Gm. in acetone, 0.3 Gm. in 
alcohol, and 1 Gm. in ether. 5,3’-Dichlorosalicylanilide is 
fairly stable to heat, light, and moisture 

[For more information regarding this monograph see 
J. Am. Med. Assoc., 156, 1331( December 4, 1954). 


5,4’ - DICHLOROSALICYLANILIDE. CisHo- 
Clh.NO:.—M. W. 282.12.—The structural formula 
of 5,4-dichlorosalicylanilide may be represented as 


follows: 
OH 
4 
/ 


Physical Properties: 5,4’-Dichlorosalicylanilide is a white, 
odorless, crystalline material, m.p. 224-227°. It is soluble in 
alkalis, but only very slightly soluble in acids. The approxi- 
mate amounts that dissolve at 25° in the following solvents 

2 Gm. in acetone, 0.4 Gm. 


to form 100 ml. of solution are 
in alcohol, and 0.7 Gm. in ether. 5,4'-Dichlorosalicylanilide 


is fairly stable to heat, light, and moisture 
{For more information regarding this monograph see 
J. Am. Med. Assoc., 156, 1331(December 4, 1954).] 


DIPHEMANIL METHYLSULFAT E.—Pran- 
tal Methylsulfate 
M.W. 389.50.—4-Diphenylmethylene-1,1-dimethyl- 
piperidinium methylsulfate—The structural form- 
ula of diphemanil methylsulfate may be represented 
as follows: 


il 
see 
a 
4 | 
OH ci 
} 
4 
| C= N CHySQ, 
7 
| 


February, 1955 


Actions and Uses.—-Diphemanil methylsulfate is 
a quaternary parasympatholytic agent that selec- 
tively blocks the transmission of nerve impulses 
through parasympathetic ganglia. At the dosage 
level required to block parasympathetic ganglia, it 
does not block sympathetic ganglia. Diphemanil 
methylsulfate also inhibits gastric secretion and 
motility and relieves pylorospasm at a lower dosage 
than that required to inhibit motility of the small 
and large intestine. A slightly larger dosage ef- 
fectively blocks cholinergic secretory nerve impulses 
to the sweat glands. The drug possesses consider- 
able bronchodilator action, but further studies are 
required to establish its clinical usefulness in bron- 
chial asthma. 

Diphemanil methylsulfate is useful as an adjunct 
in the treatment of peptic ulcer, gastric hyperacidity, 
and hypermotility as in chronic hypertrophic gas- 
tritis, certain less specific forms of gastritis, and 
pylorospasm. It is not proposed for the control of 
spasm or hypermotility of the intestinal and urinary 
tracts. The drug is effective for the treatment of 
hyperhidrosis and also for the control of sweating 
when this aggravates certain dermatoses. 

Diphemanil methylsulfate is not readily «bsorbed 
from the gastrointestinal tract nor reabsorbed from 
the vascular system into the gastrointestinal tract. 
Absorption by the oral route is reduced by the pres- 
ence of foods, antacids, or bile salts in the stomach, 
but such interference largely can be obviated if the 
drug is administered between meals. Following 
parenteral injection, about 50% of the drug is ex- 
creted unchanged, chiefly in the urine; the remain- 
ing 50% has not been accounted for, although no 
evidence of storage has been found. 

At its anticholinergic dose level of therapeutic 
action, diphemanil methylsulfate may be associated 
with atropine-like side-effects, including xerostomia, 
mydriasis, tachycardia, constipation or diarrhea, 
and urinary retention. Such reactions usually 
are minimal, but they may interfere with therapy in 
some patients. As with other parasympathetic 
blocking agents, the drug usually is contraindicated 
in patients with glaucoma. An injectable solution 
of physostigmine methylsulfate may be adminis- 
tered in the usual adult dose of 2 mg. subcutaneously 
as an antidote to counteract the antiacetylcholine 
activity of diphemanil methylsulfate. 

Dosage-—Diphemanil methylsulfate is adminis- 
tered orally and by subcutaneous or intramuscular 
injection. For the management of peptic ulcer, 
pylorospasm, and gastric hyperacidity and motility 
in hypertrophic and other forms of gastritis, the 
drug may be injected for initial control of acute 
symptoms or management of acute episodes. The 
usual adult oral dosage for initial treatment or after 
injection to control acute symptoms is 100 mg. every 
four to six hours (between meals) prescribed as 
ordinary tablets. This dosage should be increased 
or decreased in accordance with the response; a 
dosage of 150 to 200 mg. may be required in some 
patients. Maintenance dosage usually may be 
reduced to 50 to 100 mg. Oral therapy also may 
be prescribed in the form of a coated tablet that 
prolongs the action of the drug over a period of eight 
hours. In such form, 100 mg. administered at eight 
hour intervals usually is adequate, but this may be 
increased to 200 mg. every eight hours if necessary 
to maintain control of symptoms. 


ScrenTriFIC Eprrion Ill 


When injected for initial control of symptoms or 
acute episodes, the usual dosage is 0.5 mg. per Kg. 
of body weight administered subcutaneously or 
intramuscularly four times daily, A parenterally 
administered dose of 50 mg. should not be exceeded 
except with extreme caution. Injection of the drug 
preferably should be continued for 24 to 48 hours 
after symptoms are brought under control; there- 
after, therapy should be continued by the oral route. 

For the treatment of hyperhidrosis or control of 
sweating aggravating dermatoses, the usual oral 
dosage for adults is 100 to 200 mg. three times daily 
(between meals) prescribed either as ordinary or 
prolonged-acting tablets. Following inhibition, de- 
creased dosage may be adequate to prevent recur- 
rence. 


Tests and Standards.— 


Physical Properties: Diphemanil methylsulfate is a white 
or near white, bitter, crystalline solid with a faint charac- 
teristic odor, m.p. 189-196°. It is very slightly soluble in 
ether. The approximate amounts that dissolve at 25° in 
the following solvents to form 100 ml. of solution are: 3 Gm. 
in alcohol, 3 Gm. in chloroform, and 3 Gm. in water. Di- 
phemanil methylsulfate is stable to heat and light but is 
somewhat hygroscopic. The pH of a 1% solution is 4.0-6.0. 

[For more information regarding this monograph see J. 
Am. Med. Assoc., 187, 342( January 22, 1955).] 


ESTRADIOL CYCLOPENTYLPROPIONATE.— 
396.55 —3-Hydroxy-A-1,3,5-estra- 
triene-17-cyclopentylpropionate—The _ structural 
formula of estradiol cyclopentylpropionate may be 


represented as follows: 
oO. 
HO~ 


Actions and Uses.—Estradiol cyclopentylpropio- 
nate has the same actions and uses as estradiol and 
its other fat-soluble esters. (See New and Non- 
official Remedies under the monographs on estradiol, 
estradiol benzoate, and estradiol dipropionate.) In 
vegetable oil solutions for intramuscular injection, 
estradiol cyclopentylpropionate may produce more 
prolonged estrogenic effects than similar oil solutions 
of either estradiol benzoate or estradiol dipropio- 
nate. In women in the menopause, the average dura- 
tion of estrogenic action, as measured by vaginal 
smear, is approximately three to four weeks after a 
single injection of 5 mg. in oil. Relief of vasomotor 
symptoms appears within one to five days and is 
maintained one to eight weeks. 

Estradiol cyclopentylpropionate is not associated 
with adverse reactions to any greater extent than 
may be encountered with injectable oil solutions of 
other esters of estradiol. It should be employed 
with the same precautions as with the administra- 
tion of similar preparations and of estrogens in 
general. 

Dosage.—Estradiol cyclopentylpropionate is ad- 
ministered in oil solutions by intramuscular injection 
only. Initially, a single dose of 1 to 5 mg. is in- 
jected weekly for two or three weeks; for mainte- 
nance the dosage interva! may be lengthened to three 
to four weeks. 
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Tests and Standards.— 


Physical Properties: Estradiol cyclopentylpropionate is a 
white, odorless, crystalline solid, m.p. 148-152°. It is freely 
soluble in chloroform and in ether, and practically insoluble 
in water and in alkalies. The approximate amounts that 
dissolve at 25° in the following solvents to form 100 ml. of 
solution are: 2 Gm. in alcohol and 2 Gm. in methanol. 

[For more information regarding this monograph see 
Am. Med. Assoc., 157, 344(January 22, 1955).]} 


OXYTETRACYCLINE-POLYMYXIN  B.—Terra- 
mycin Hydrochloride with Polymyxin B Sulfate 
(Pfizer). 

Actions and Uses.—-Oxytetracycline-polymyxin B, 
a mixture of oxytetracycline hydrochloride and poly- 
myxin B sulfate, is useful for ophthalmic application 
in the prevention and treatment of pyogenic mixed 
surface infections of the eye that are likely to be 
susceptible to either or both of these antibiotics. 
Because polymyxin B is considered the antibiotic of 
choice against pseudomonal infections, its use in 
fixed combination with a broad spectrum antibiotic 
may be justified on the basis that the incidence of 
ocular infections complicated by the presence of 
Pseudomonas aeruginosa apparently is increasing. 
The particular effectiveness of polymyxin B against 
gram-negative bacteria enhances the action of oxy- 
tetracycline against both gram-positive and gram- 
negative organisms. While synergism rarely may be 
demonstrable against certain types of infection, the 
actions of the components should be regarded as 
primarily additive; therefore, the proportions should 
correspond to the usual concentrations in which 
each is employed singly. 

Oxytetracycline-polymyxin B is considered ef- 
fective in the treatment of acute and subacute puru- 
lent conjunctivitis, acute catarrhal conjunctivitis, 
and chronic blepharoconjunctivitis not involving 
the meibomian gland; the mixture is also effective 
as a prophylactic prior to ocular surgery. It may 
be useful in the management of infection complicat- 
ing a corneal ulcer, epiphora secondary to conjunc- 
tival infection, and acute trachoma. The mixture 
should not be employed when bacteriological studies 
indicate that a specific ocular infection is more sus- 
ceptible to a single antibiotic or to another anti- 
bacterial agent. If the mixture is used at ail in the 
treatment of gonococcic conjunctivitis, orbital 
cellulitis, keratitis, uveitis, retinitis, and other deep- 
seated infections, it should be supplemented by 
systemic antibiotic or other therapy that is indi- 
cated. 

Oxytetracycline-polymyxin B usually is well toler- 
ated by the membranes of the eye. Allergic reac- 
tions may be encountered but are rare. If severe 
reactions occur, use of the mixture should be dis- 
continued. When sensitization to only one com- 
ponent occurs, therapy with the other alone may be 
continued if the infection is susceptible to it. Bac- 
terial resistance to either antibiotic component 
ordinarily does not develop, even under continuous 
therapy. 

Dosage.—Oxytetracycline-polymyxin B is applied 
only topically to the eye as an ophthalmic ointment 
containing the equivalent of 5 mg. of oxytetracycline 
base and 10,000 units of polymyxin B base per Gm. 
For the treatment of surface ocular infections, a 
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small quantity of such ointment is applied to each 
affected eye four to six times daily; for prophylaxis 
in operative procedures, a small quantity is placed 
in both eyes several times during the day preceding 
surgery and into the operated eye at the time of each 
dressing. In blepharitis, scales and crusts should 
be removed and the ointment applied over the lid 
margin. Treatment lasting :: +m 10 to 14 days is 
usually sufficient for acute i-fections; in chronic 
cases, treatment may be required up to three 
months. Careful clinical follow-up is advisable. 
If infection persists, a second course or change of 
treatment should be instituted. 


Tests and Standards.— 


Oxytetracycline hydrochloride and polymyxin B sulfate 
are described in their respo.*tive monographs in Tests and 
Standards for New and Noaficial Remedies. 


STANOLONE.—Neodrol (Pfizer ).—C)9HyO..—M. 
W. 290.43.—Androstane - 17(8) - ol - 3 - one.—The 
structural formula of stanolone may be represented 
as follows: 


o7 


Actions and Uses.—Stanolone is an androgen that 
has the same actions and uses as testosterone and its 
esters. (See New and Nonofficial Remedies under 
the general statement on testes.) It is useful clin- 
ically for its anabolic and tumor-suppressing actions 
in selected cases of inoperable carcinoma of the 
breast or postoperative metastatic carcinoma of the 
breast. Its use, which must be weighed against its 
inherent virilizing and metabolic effects, should be 
subject to the same precautions and contraindica- 
tions as is the use of other androgenic agents. 

Dosage.—Stanolone is administered by intramus- 
cular injection. Like free testosterone, an aqueous 
suspension of microcrystalline stanolone should be 
expected to produce a slightly less intense and 
slightly more prolonged androgenic action than an 
equivalent oil solution of its propionic acid ester. 
In carcinoma of the breast, the average effective 
dosage is 100 mg. daily. This dosage should be 
continued as long as the patient shows improvement 
or until the patient is unable to tolerate androgenic 
therapy because of severe virilization or untoward 
metabolic effects. Lower dosage may be better 
tolerated but is considered ineffective against car- 
cinoma of the breast. The dosage for the treatment 
of testicular hor-none defficiency, functional uterine 
bleeding, or postpartum suppression of breast 
engorgement remains to be established by experience 
with its use in these conditions. 


Tests and Standards.— 


Physical Properties: Stanclone is a white, odorless, crystal- 
line powder, m.p. 175-1 It is practically insoluble in 
water. The approximate amounts that dissolve at 25° in 
the following solvents to form 100 ml. of solution are: 6 Gm 
in alcohol and 1.5 Gm. in ether. 

{For more information regarding this monograph see / 
Am. Med. Assoc. 157, 345(January 22, 1955).| 
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corresponds 
in its antiphlogistic efficacy to the active principle 
of the chamomile. 
AZULENE “DRAGOCO” is available in the follow- 
ing grades: 
1) pure, crystallizing, . 100% 
pure, in 50% liquid paraffin solution 
3) pure, water-soluble, in 25% solution 
DRAGO 
Manufacturing Chemists ind: 


(Western German 
First and Oldest Manufacturers of Purest Azulene 


BOUND VOLUMES 


Journal of the 
American 
Pharmaceutical 
Association 
$11.00 
Order from the Association 


2215 Constitution Avenue, N. W. 
Washington 7, D. C. 


Handsome Durable Binders 
for Journals of the American 
Combination Sets for Practical Pharmacy and 
Scientific Editions $5.50 « pair 
For Single Editions $3.25 each 
These binders open flat as a 
bound book. Made of durable 
imitation leather, they will pre- 
serve your journals permanently. 
Each cover holds 12 issues (one 
volume)... .Do your own bind- 


coupon for binders on 10 day trial. 
Mail Coupon Today.............. 


“SUCKERT LOOSE-LEAF COVER CO. 
934 W. LARNED ST. DETROIT 96, MICH. 


Send... 
Pharmaceutical Association. 
. Practical Pharmacy Edition for years... . Vols... .. 
. .Scientific Edition for years........... 
.... Combination for years.............. . 
Will remit $...... in 10 days or return binders. 


Postage prepeid in U. S.—foreign Extra 


ing. Instructions easy to follow. Mail | 
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USP. 
REQUIREMENTS 
FOR REACTIVITY 


WITH AFTER 4 YEARS! 


4th yr. 
255 


Istyr. 2dyr. Idyr. 
280 270 260 
U.S.P. Minimum Requirement 250 


ACID-CONSUMING CAPACITY 
OF REHEIS TYPE F-2000 


At Start 
286 


Here you see the aging effects on re- 
activity (as determined by the U.S.P. 
test) of a typical Reheis Dried Alu- 
minum Hydroxide Gel (type F-2000). 
At the start of the test the acid consum- 
ing capacity was 286 ml...and the 
most recent check — four years later — 
the acid consuming capacity was 255 ml 
— still above the minimum U.S.P. re- 
quirement! 

The meticulous pharmaceutical man- 
ufacturer may be confident that in mak- 
ing tablets or capsules using Reheis 
Dried Aluminum Hydroxide Gel type 
F-2000, he is insuring the shelf life of 
his product. He also may be certain that 
patients for whom his product has been 
prescribed are receiving the medication 
requested by the physician. 

You owe it to yourself to check 
Bi first with REHEIS if planning to 
rg market any type of antacid product. 
; Reheis can supply you with a variety 
of Dried Aluminum Hydroxide Gels 
or Compressed Gels which will en- 
able you to make a pharmaceutically 
elegant product. 


Write today on your letterhead for 
_ free bulletin and samples. 


REHEIS COMPANY, INC, 
Manufacturers of Fine Chemicals 
BERKELEY HEIGHTS - NEW JERSEY 
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DISPLAY the A.PH.A. 


A Mark of Professional Prestige 


Now available. 
Beautifully Printed 
in 3 Colors 


12” x 18”, washable, permanent, 
“easled’’ for counter display, 
“ringed” for wall hanging. 

42.90 


ON HEAVY STOCK 


suitable for framing, 10” x 16”. 


American Pharmaceutical Association 
2215 Censtitution Ave., Washington 7, D.C. 


| enclose check (or money order) for $........---+-+++++ 
for which please send me.......-+0.s+ceees copies of the 
A.PH.A. Code of Ethics. ) Laminated Board 

) Heavy Stock 
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it 
4 
Code of Ethics | * 
= 
eee eee eee ee ee eee ee ee eee eee 
® 4 
; i 


February, 1955 ScrentTiFic EpIrion 


USE 


INGREDIENTS q Lanolin Cholesterols in their Most Active Form. 


These stable cholesterol and multisterol surfactants 
induce rapid drug release, promote optimum healing 
rates, and are safe for the most delicate tissues. We 
know of no case of an allergy due to an AMERCHOL.” 


Modulan* is a chemically modified 


LANOLIN EMOLLIENT with unique new properties for 

; use in OINTMENTS AND EMULSIONS. It imparts waxy, 

: - protective hydrophobic films; is oil soluble and com- 

patible with O/W emulsions, soaps and shampoos. 

: 4 Clinical investigations indicate that MODULAN IS 
SUPERI OR HYPO-ALLERGENIC.” 

a “References, technical data and suggested formulations are 


P R oO D U Cc T Ss ¥ available from our research laboratories. 
AMERICAN CHOLESTEROL PRODUCTS 


LETTERHEAD TO... INCORPORATED 
MILLTOWN NEW JERSEY 


i] 


Scale i‘lustrated is our . 

No. 540 Popular Model a Still the best 
Capacity—4 oz. (120 grams) and lowest priced 
Sensibility 
Reciprocal—1/10 grain scale made 
Finish—Genuine light mahogany ‘ 

with chrome plated parts — HENRY TROEMNER 
Price—$1 45.00 Manufacturer of the Finest 

PROMPT DELIVERY Scales for the Drmggist 

on this as well as other class A re - 7 i Since 1840 


$110.0 = 911 Arch Street 
98.00 Philadelphia 7, Pa. 
: (Send for Circular A-A) 


The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


Graduate study in Boston has always appealed strongly to students in 
the fields of medicine and public health. The environment is stimulating 
and attracts students from all parts of the world. Library, laboratory, 
hospital, and other facilities for graduate work are outstanding in this area. 


The Massachusetts College of Pharmacy is located in this great medical and educational center. 
It offers unusual opportunities to graduates of colleges of pharmacy who are interested in further 
study in pharmacy, pharmaceutical chemistry, and pharmacognosy. 


For additional information, write to HOWARD C. NEWTON, Dean 
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Preview of Advertising 


In the February 1955 issue of the 
Praciical Pharmacy Edition 


(All references to actions ond uses are taken from the statements 
of the producers of the products mentioned.) 


> Sur-Bex with C (vitamin B complex tab- 
lets) and filmtab Erythrocin Stearate are 
pointed up by Abbott Laboratories. 


> Insurance protection for the pharmacist’s 
home is now available through The Ameri- 
can Druggists’ Fire Insurance Co. 


> Clinitest Sealed-in-Foil Tablets, offered 
by the Ames Company, are “hermetically 
sealed against moisture.” 


> Span, Tween, Arlacel and Sorbo are 
some of their “pharmaceutical aids” to 
which Atlas calls attention. 


> Drug References observes that product 
information is made easy in Facts and Com- 
parisons. 


> For use in the treatment of uncomplicated 
diarrhea, Hynson, Westcott & Dunning at- 
tests to the efficacy of Lactinex Tablets. 


> “New—and just what the OB ordered,” is 
Lederle Laboratories’ preface to its an- 
nouncement of Cyesicaps, phosphorus-free 
prenatal 


> “Specially designed for ‘tweenagers’” is 
Lilly’s vitamin product, “Multicebrin’ Jr. 


> The S. E. Massengill Company catalogues 
the following prescription specialties: 
Adrenosem, Aminodrox, Gallogen, Livita- 
min, Massengill Powder, Obedrin, Salce- 
drox and Semhyten. 


> Abdol with minerals are “a popular ad- 
dition to the fast-moving Parke, Davis 


vitamin family.” 


> Pfizer's Terramycin and Tetracyn are 
highlighted with the reminder to “stock 
this month.” 


> “To guarantee your children’s future in 
Pharmacy”—Philadelphia College of Phar- 
macy and Science. 


> In four separate insertions, Smith, Kline 
& French Laboratories reemphasizes the 
ready salability of Benzedrex Inhalers; 
notes the “usefulness” of Thorazine Syrup 
in pediatrics; stresses the role of Troph-Iron 
in correcting nutritional iron deficiency, and 
of ‘Trisocort Spraypak’ in the local treat- 
ment of upper respiratory tract disorders. 


> The Upjohn Company recalls that Chera- 
col has been the “best-seller for 28 years!” 


> New sizes and forms of its hypotensive 
agent, Methium, and its prophylaxis against 
angina pectoris—Peritrate—are reflected in 
the Warner-Chilcott announcement. 


>» “New pharmaceutical elegance for a 
standard sedative’—Luminal Ovoids—prod- 
uct of Winthrop-Stearns. 


> Wyeth offers a new, “effective, non-irritat- 
ing” diuretic in Thiomerin Sodium rectal 
suppositories. 


> Look for details in the Practical Pharmacy Edition of This Journal—Out February 20 
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The Metabolism of p-Aminosalicylic Acid 
(PAS) in Man* 


By E. LEONG WAY, CHIN-TZU PENG, NASEEM ALLAWALA 
and T. C. DANIELS 


The urinary excretion o Jp gy acid (PAS) was studied in five individuals 
osa 


after single and repeate 
filter 


per chromatography, ie urinary 
teri and several others were characteri 


aking use of countercurrent distribution and 


roducts were isolated and charac- 
but not isolated. The compounds 


isolated and characterized represented the following ne pee me of the total dosage 
administered: unchanged PAS (14-33 per cent); acetyl p-aminosalicylic acid (28- 
63 per cent); Po pee age = acid (0-26 per cent); possibly two unknown free 


amines (2-10 per cen 


D=""= THE WIDE USAGE of p-amino salicylic 

acid (PAS) in the treatment of tuberculosis 
much remains to be learned concerning the 
metabolism of this compound. An earlier study 
(1) on the urine of an individual taking PAS 
revealed, after countercurrent distribution extrac- 
tion, the presence of three free amines and two 
conjugated amines. Two of the three amines 
were identified as unchanged PAS and its giycine 
conjugate, p-aminosalicyluric acid (PASU) and 
one of the conjugated amines was acetylated p- 
aminosalicylic acid (AcPAS). The identifica- 
tions were based chiefly on the partition behavior 
of the compounds without isolation. These 


* Received August 27, 1954, from the College of Pharmacy 
and the Department of Pharmacology, School of Medicine, 
University of California, San Francisco, Calif. 

This study was supported by the Division of Research 
Grants and Fellowships of the National Institutes of Health, 
U.S. Public Health Service. The elemental analyses of PASU 
and AcPAS were carried out by the Microanalytical Division, 
University of California, Berkeley; the MAP analysis by 
the Pharmaceutica] Department, Calco Chemical Division, 
American Cyanamid Co. The urine specimens were ob- 
tained through the courtesy of the University of California 
Tuberculosis Ward at the San Francisco County Hospital. 
The PAS used in these studies was donated & Barnes- 
Hind Pharmacy. We are grateful to Dr. Eugene Jorgenson 
and Miss Bertha Huang - their cooperation. The PASU 
was furnished by Dr. H. Lewis who obtained the com- 
pound from Dr. Leonard Doub of Parke, Davis & Company. 
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and one unknown bound amine (3-10 per cent). 


studies have been extended and the present com- 
munication describes the isolation of PASU and 
AcPAS from the urine of man and gives evidence 
for some additional metabolites of PAS. 


EXPERIMENTAL PROCEDURES 


Estimation of Free Amine.—Free amines in urine 
and blood were determined spectrophotometrically 
according to the method previously published (1). 
Color development involves diazotization of the 
amine at 0° and subsequent complexing with N-(1- 
naphthyl)ethylenediamine dihydrochloride in the 
presence of acetic acid. 

Estimation of Conjugated Amine.—The above 
procedure was followed after hydrolyzing the sample 
to be tested in the manner previously described 
{incubation for eighteen hours at 37° in the presence 
of 2.4 N HCl (1)]. The total amines thus deter- 
mined minus the free amines give the conjugated 
amines. 

Separation and Characterization of Free and Con- 
jugated Amines in Urine.—Countercurrent fis- 
tribution and paper chromatography were employed. 
Total urine was collected over a twenty-four hour 
period from five individuals on varying dosage 
regimens of PAS and analyzed for free amine and 
total amine. 

For the countercurrent studies a 20-cc. aliquot of 
the urine was brought to pH 3.59 by addition of 


| 
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2 M acetate buffer and extracted repeatedly with 
ether. The pooled ether extracts (approximately 
1 liter) were evaporated to dryness at room tem- 
perature under reduced pressure and the resulting 
residue taken up in 20 ml. of pH 3.44 acetate buffer. 
In later samples the urine was lyophilized to a dry 
powder which was then dissolved in 2 M acetate 
buffer, PH 3.44. A 7.8-cc. aliquot was subjected to 
a twenty-four transfer separation in a counter- 
current distribution apparatus using as the solvent 
pair the same buffer and isoamy! alcohol. The 
upper isoamyl alcohol phase was moved. After 
completion of the distribution procedure both layers 
in each tube were analyzed for free amine and total 
amine. The amines in the isoamy! alcohol layer 
were transferred to water solution by extraction 
with 0.1 N NaOH before analysis. The experi- 
mental curves were fitted according to the method 
of Way and Bennett (2). 

Parallel to the countercurrent distribution studies, 
paper chromatography was employed on the urine 
of the same five individuals plus at least ten other 
individuals for the purpose of correlating and con- 
firming the findings on the presence of various 
metabolites of PAS. The original urine samples 
were usually studied but in one experiment chro- 
matograms were developed on the urinary fractions 
obtained after countercurrent distribution. The 
descending technique was adopted, using approxi- 
mately 0.05-ml. aliquots of each sample on strips 
of Whatman No. | filter paper. As a general rule 
the unkuown samples were run alongside of known 
compounds. Several strips of a particular sample 
were run simultaneously to allow for color-develop- 
ment by different procedures 

After testing various solvents, two solvent sys- 
tems were found to yield satisfactory resolution of 
the PAS metabolites. One system consisted of a 
mixture of five parts of dioxane and 1 part of water 
(CS II) and the other a mixture of n-butanol, ethyl] 
alcohol and 3 N NH,OH in the proportion of 
4:1:5, all by volume (CSI). With the latter solvent 
system more reproducible results were obtained by 
equilibrating the loaded paper with the solvent in 
the chromatography cabinet for twelve hours before 
irrigation. The irrigated paper was dried and 
developed, using Ehrlich reagent for free amines and 
ferric nitrate (1% in 0.07 HNO,) for free phenols. 


RESULTS 


Both the countercurrent and the filter paper 
chromatographic experiments indicated the presence 
of several biotransformation products of PAS in 
the urine following its administration. Further cor- 
relation of the two separation procedures was ob- 
tained by chrommatographing all 24 urine fracuons 
of patient A. C. obtained after countercurrent dis- 
tribution on paper. From these studies the iden- 
tity of four compounds was established: PAS, 
AcPAS, PASU and m-aminophenol (MAP), and 
three or four other metabolic products, X;, Xe, Xz 
and X,? have been partially characterized but not 
identified. 

The countercurrent experiments indicated the 
presence of five substances. As an example of these 
studies the experimental curve following counter- 
current distribution of the urine of patient A. C. 
is shown in Fig. 1. In confirmation of earlier find- 
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Fig. 1.—Countercurrent distribution curvy: of 
free and conjugated amines in the urine of A «after 
taking PAS. 


ings, the curve shows three maxima for free amin, 

and two maxima for bound amines. Each major 
peak corresponds to the following: tube 1, an ur- 
known free amine, X,; tube 4, an unknown bound 
amine, X;; tube 11, PASU; tube 19, PAS and 
AcPAS. The countercurrent studies are sum- 
marized in Table I, which also gives the percentage 
of the PAS dose accounted for in the urine and a 
breakdown of relative calculated contribution of 
each metabolite. 

The paper chromatographic studies usually indi- 
cated the presence of six and occasionally seven sub- 
stances. The excreted products of PAS tended to 
distribute themselves with increasing Ry values as 
follows: PASU, X,, PAS, AcPAS, Xe, MAP. 
Among these, PASU, X;, PAS, X,?, and MAP gave 
yellow spots when sprayed with Ehrlich reagent, 
whereas PASU, PAS, AcPAS and Xz gave violet 
color with ferric nitrate. The range of Ry values 
obtained for each compound with each solvent is 
shown in Fig. 2. 


cs | cs 
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Fig. 2.—Schematic representation summarizing 


paper chromatography results obtained on urines 
from individuals on PAS. 


Correlation of the countercurrent with the paper 
chromatographic studies on the urine of A. C. is 
shown schematically in Fig. 3. The compounds 
which were detected are placed in relative order of 
increasing Ry on the ordinate, and the bar indicates 
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SEQUENCE 


10 12 «66 
TUBE NUMBER 
Fig. 3.—Schematic chart correlating counter- 
current distribution and paper chromatography 
results on the urine of A. C. 


20 22 24 


qualitatively where a positive test was obtained for 
each compound on the separated urinary fractions 
contained in each tube. The intensity of the spots 
generally correlated well with the concentration in 
each tube. The results on ail the studies are 
treated in greater detail under the heading for each 
compound. 

p-Aminosalicylic Acid (PAS).—This corresponds 
to the free amine in the experimental countercurrent 
distribution curve with the maximum in tube 19 
(Fig. 1). A calculated curve for a substance with 
a partition ratio (K) of 3.40, comprising 40% of the 
total free amines yielded a reasonable fit to the ex- 
perimental values. As found previously (1) the 
calculated K was within limits of experimental 
error to the K obtained with a known sample of 
PAS in the same solvent pair. 

Additional evidence as to the presence of un- 
changed PAS in the urine is indicated by the results 
using paper chromatography. The Ry, values of 
the material in tubes 11-21, as well as of the original 
urine sample, were found to agree closely with those 
of PAS added to urine. The Ry values of added 
PAS in each solvent system were between 0.20— 
0.24 in CS I and 0.49-0.52 in CS II; those of the 
recovered material were, respectively, 0.20-0.22 in 
CS I and 0.50-0.53 in CS II. Chromatograms on 
the original urine samples of the ot!-er individuals, 
also indicated the presence of PAS. As shown in 
Fig. 2 the range of the Ry, values is in good agree- 
ment with that of added PAS. 

The countercurrent studies indicate that th 
amount of PAS excreted by five individuals was 
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fairly consistent despite the various dosage regi- 
mens, the excretion range being 17 to less than 33 
per cent (calculated from Table I). 

N-Acetyl-p-aminosalicylic Acid (AcPAS).—The 
conjugated amine with a peak in tube 19, represent- 
ing 90 per cent of the total bound amines, yielded a 
calculated partition ratio closely approximating 
that of authentic AcPAS. The recovered material 
in tubes 16-23 was also found to have, within 
limits of experimental error, identical Ry values 
with those of AcPAS. Filter paper chromatograms 
on the original urine specimens of the other in- 
dividuals also revealed the presence of AcPAS 
(Fig. 2). 

AcPAS was also isolated in crystalline form by 
conventional m~-thods. The urine of C. T. P. (100 
cc.) was extractcd with several portions of ether and 
ether extracts pooled and evaporated to dryness 
under reduced pressure. The residue was treated 
with 1 N hydrochloric acid to solubilize the free 
amines and then filtered. The residue was then dis- 
solved by treatment with a solution of sodium bi- 
carbonate and precipitated by addition of 1 N HCl. 
The AcPAS thus obtained was recrystallized twice 
from dioxane, m. p. 230-231.5° (dec., uncorr.). 

No change in the melting point was noted when 
the material was mixed with synthetic AcPAS. The 
ultraviolet absorption spectrum of the recovered 
AcPAS was identical to the known compound. 
exhibiting maxima at 263 my and 300 my. Upon 
elemental analysis the following results were ob- 
tained: 

Anal. Caled. for CsHyNO,: C, 55.37; H, 4.75; 
N, 7.15. Found: C, 55.27: H, 4.95; N, 7.15. 

The countercurrent studies, as summarized in 
Table I, indicate that the major fraction of con- 
jugated amines appearing in the urine is chiefly 
represented by AcPAS; moreover, AcPAS repre- 
sents the chief metabolite derived from PAS. 

p-Aminosalicyluric Acid (PASU).—The com- 
pound was identified by three separate procedures. 
In the countercurrent studies the free amine with 
the maximum in tube 11 was calculated to represent 
41% of the total free amines present with a K of 
0.89 (Fig. 1). The K obtained with a known 
sample of PASU using the same solvent pair was 
found to be 0.92. The identity of the substance 
as PASU in tubes 2-14 as well as in other original 
urine specimens was further confirmed by the paper 
chromatographic studies, Fig. 2 and 3. In addition 
PASU was isolated by pooling the fractions in the 
isoamy! alcohol layer of tubes 7-14. The isoamyl 
alcohol was removed under reduced pressure and 
the resulting residue taken up in ether. On bubbling 
hydrogen chloride through the ether solution, the 


TABLE I.—TuHeE METABOLIC FATE OF ~-AMINOSALICYLIC Acrp (PAS) as DETERMINED BY COUNTERCURRENT 
DISTRIBUTION 


NaPAS Regimen 
5 Gm. 2X for 1 day 
5 Gm. 3X for 1 day 
5 Gm. 3X for 1 day 
5 Gm. 3X for 1 day 
5 Gm. 3X for 140 days 
5 Gm. 3X for 320 days 


-————Per Cent of Total Amines as:——-—_—. 


PAS PASU AcPAS ( 
21 15 

24 18 

21 29 

25 0 

24 25 

33 26 


(free) 


* Data from Way, ef al. (1). = 
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Per Cent 
of 24 
Hour Dose 
Accounted Xs 
for bound) 
- 81 6 

73 5 

| 87 7 
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hydrochloride of PASU was precipitated, separated 
by filtration, and purified by recrystallization from 
absolute alcohol, m. p. 214-215° (dec., uncorr.); 
mixed m. p. with synthetic hydrochloride of PASU, 
{prepared by Doub, ef al. (5)| 214-215°. Ultra- 
violet absorption studies failed to reveal any dif- 
ferences between recovered and synthetic PASU. 

Elemental analyses of recovered products yielded 
the following: Caled. for CsHywN,O,HCI: C, 43.8; 
H, 4.5; N, 11.4. Found: C, 44.0; H, 4.4; N, 11.4. 

PASU was also isolated from the dried ether 
extract of urine (M. J. F.) without carrying through 
the countercurrent distribution. The residue from 
the extract was taken-up in 0.5 M acetate buffer 
PH 3.59 and extracted twice with ten times its 
volume of 2% ether in benzene to remove PAS. 
The buffer layer was then decolorized with charcoal 
and extracted with large volumes of ether. The 
ether was evaporated to a small volume and satu- 
rated with hydrogen chloride. The resulting precip- 
itate of PASU hydrochloride was separated and 
dried; mixed m. p. with synthetic PASU, 215° 
(dec., uncorr.). 

A wide excretion range (0—- <33%) was obtained 
for PASU primarily because one of the individuals 
(C. T. P.) failed to excrete the compound. In 
this instance both the paper chromatographic and 
countercurrent methods indicated the absence of 
PASU. 

m-Aminophenol (MAP).—The presence of MAP 
was revealed in the paper chromatography studies 
by Ehrlich reagent but not by ferric nitrate. A 
spot corresponding to MAP was obtained on most 
urine specimens which were studied after being kept 
in a refrigerator overnight and in tubes 14-21 of 
the urine of A. C. (Fig. 3). However, when tests 
were conducted on fresh urine collected within a few 
hours after the first PAS dose, a spot for MAP failed 
to appear although positive tests were obtained for 
PAS, AcPAS, and PASU. When the urine was 
allowed to stand for more than one hour at room 
temperature, a positive test for MAP was usually 
obtained Since MAP readily yields a _ positive 
test for an aromatic amine, the failure to detect its 
presence by countercurrent distribution indicates 
that only minor amounts were present. Any ap- 
preciable amounts would affect the PAS peak in 
region of tube 19 since the partition ratio of MAP 
in the solvent system was found to be near that of 
PAS. 

Unknown Metabolites.—Three or four metab- 
olites of PAS have been partially characterized but 
not identified. 

Compound X, was detected in fresh urine speci- 
mens collected after PAS therapy and corresponds 
to the free amine with the peak in tube 1 of the 
countercurrent distribution (Fig. 1) and with the R, 
values 0.12 in CS I and 0.08 in CS II by paper chro- 
matography (Fig. 2 and 3). It usually constituted 
less than 10% of the total amines. It yielded an 
intense yellow spot with Ehrlich reagent when the 
irrigation solvent was dioxane and water (CS II) 
but only a faint yellow coloration in the n-butanol- 
ammonia system (CS I) It failed to give a test 
with the iron reagent. 

Compound Xz, possibly a phenclic substance, was 
present in virtually all the original urine samples 
collected after PAS therapy and in the isoamyl 
alcohol layer of tubes 17-21 in the countercurrent 
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distribution (Fig. 3). It reacted negatively to 
Ehrlich reagent. It was found to have an Ry, 
between 0.60 to 0.64 (Fig. 2), yielding an intense 
violet color to ferric nitrate in the 1-butanol- 
ammonia system (CS I) but only a very ‘aint violet 
color to the same reagent in the dioxane-water 
system (CS II) when it was occassionally detected. 

Compound X;, corresponds to the bound amine 
with the peak in tube 4 of the countercurrent dis- 
tribution (Figs. 1 and 3) and constitutes approxi- 
mately 5% of the total amines (Table I). It was 
not detected per se in the paper chromatographic 
studies but, as in the countercurrent studies, a 
positive test for an aromatic amine was obtained 
after hydrolysis. The compound yielded no color 
reaction with the iron reagent. After hydrolysis 
the compound yielded Ry values by paper chro- 
matographic analysis corresponding to those of 
PAS; however, only a faint positive test was ob- 
tained with the Ehrlich reagent. 

Compound X,? was not detected in the counter- 
current studies but was revealed by paper chro- 
matography in several but not all original urine 
specimens collected after PAS administration. It 
was not found in the control urine of several indi- 
viduals who received no PAS. It yielded an intense 
yellow with the Ehrlich reagent and Ry; values of 
approximately 0.32 in CS I and 0.72 in CS II (Fig. 
2). 


DISCUSSION 


Studies on the fate of PAS in various species have 
revealed considerable differences in the metabolic 
pathways traversed although some routes are,in 
common. This is not surprising since PAS possess2s 
three functional groups (—COOH, —NHg, and 
—OH) in addition to the aromatic ring which con- 
ceivably can undergo biotransformation. Ap- 
parently most if not all species excrete PAS chiefly 
in the urine as the unchanged compound and meta- 
bolic products with the average recovery in man fol- 
lowing oral administration being in the neighbor- 
hood of 85% of the dose. 

With the possible exception of the dog (1), all 
species appear to excrete a considerable fraction of 
the PAS dosage as a conjugated amine, presumably 
AcPAS. Isolation of crystalline AcPAS from the 
urine of rabbits has been reported by Venkataraman 
et al. (3), and the present communication confirms 
these findings in man. In man AcPAS constitutes 
by far the major portion of the bound amines present 
in theurine. In fact AcPAS appears to be the major 
metabolite of PAS, the range being less than 
28-48%. Somewhat similar percentages were re- 
ported by Lehman (4), who gave values between 
25-35%. The formation of AcPAS appears to 
be of considerable pharmacologic importance ac- 
cording to Bertolani (6) who has reported that the 
analgesic, antipyretic, and antirheumatic properties 
of PAS are mainly linked to its formation of AcPAS. 

To the best of our knowledge, PASU has not been 
previously isolated as a urinary metabolite of 
PAS. There has been some earlier indication that 
PASU may be a PAS metabolite (1, 4) in man 
Earlier work on other species has not always given 
affirmative results. With the exception of the afore- 
mentioned works (1, 4) none of the papers on the 
fate of PAS have any data pertaining to PASU. 
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Venkataraman, et al, looked for but found no 
evidence for glycine conjugation with PAS in the 
rabbit (3). Evidence that such a reaction may occur 
in the rat and the dog was suggested from the fact 
that the partition behavior of the free urinary 
amine (s) present following PAS differed from that of 
the parent compound (1). More concrete evidence 
was obtained on the urine of one individual using 
countercurrent distribution techniques (1). These 
studies have since been confirmed by Lehman (4) 
by paper chromatography. The present investiga- 
tion furnishes conclusive evidence that in man PAS 
is conjugated with glycine to PASU and excreted in 
the urine. In agreement with Lehman our pre- 
liminary studies indicate that the compound may 
also be present in blood in low but significant 
amounts and, therefore, may interfere with blood 
PAS determinations. 

The studies also indicate that PAS conjugation 
with glycine is a major metabolic pathway in most 
individuals. Lehman (4), using semiquantitative 
methods, reported values for FASU from urines of 
patients on continuous PAS therapy to be between 
28-50% as compared to our present range from 0 to 
less than 26%. 

Although the results could not be quantitated, 
the m-aminophenol (MAP) found in urine was pro- 
portionately greater than in the original PAS 
samples. Of the two lots of PAS used, 0.02% MAP 
was found to be present in one sample, none in the 
other. When sampies of both lots were diluted to 
make standard solutions of PAS and chromato- 
graphed, no test for MAP was revealed by the Ehr- 
lich reagent on the freshly prepared standards. 
However, the presence of MAP in the urine does 
not necessarily mean that it is a true metabolite of 
PAS. In aqueous solution PAS is easily decar- 
boxylated to m-aminophenol (3) and conceivably 
this process may occur in vivo without participating 
in enzymatic processes. We have found that PAS 
readily decarboxylates when incubated with human 
blood at 38° at a considerably greater rate (about 
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one-half in twenty hours) than can be accounted for 
invivo. The failure to find larger amounts of MAP 
excreted may be explained in part by the fact that 
the compound itself may undergo biotransformation. 
It remains to be studied whether some of the trace 
amounts of unknown metabolites detected from our 
studies are formed from MAP. 

Lehman (4) has also reported the presence in 
urine of two unknown free amine metabolites of 
PAS. These compounds may correspond to com- 
pounds X; and X,? in our studies but further 
studies are necessary to clarify these findings. 


SUMMARY 


1. A quantitative investigation on the various 
metabolites of p-aminosalicylic acid excreted in 
the urine of human subjects has been carried 
out using countercurrent distribution and paper 
chromatography. 

2. p-Aminosalicyluric acid and p-acetyl- 
aminosalicvlic acid were found to constitute the 
chief biotransformation products of p-amino- 
salicylic acid. Both metabolites were isolated in 
the crystalline state 

3. In addition, m-aminophenol and four other 
unknown products were detected in trace 
amounts, 
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Studies on the Absorption and Excretion of a 
New Cholecystographic Agent, Teridax** 


By PRESTON L. PERLMAN, ROBERT E. KOSINSKI, and DAVID SUTTER 


Information is presented on the mode and 
rate of absorption, excretion, and blood 
levels of the cholecystograp)ic agent, Teri- 
dax®, following oral adminiitration to man. 
Data on absorption and excretion are also 
presented for the dog and rat. In addition 
certain comparative data for iocopanoic acid 
(Telepaque®) are given. 


[triiodoethanoic acid, a-ethyl-s- 

2,4,6 - triiodo-3-hydroxyphenyl)-propionic 
acid] has recently been introduced as a chole- 
cystographic agent and it was deemed of im- 


* Received November 19, 1954, from the Biological Labora- 
tories, Schering Corporation, Bloomfield, N. 
Registered trade mark of Schering Corporation, Bloom- 
eld 


portance to carry out certain studies on the 
biological disposition of this substance following 
oral administration. 

In this investigation information on the absorp- 
tion, blood levels (including plasma bound 
iodine), and excretion following oral admimnistra- 
tion to man are presented along with comparable 
data on another cholecystographic agent, Teie- 
paque® [a-ethyl-8-(2,4,6-triiodo-3-aminopheny])- 
propionic acid, iodopanoic acid]. These com- 
parative data are of interest, as will be demon- 
strated, because, although the two compounds 
differ structurally to only a slight degree, the in- 
fluence on the metabolic fate of this small differ- 
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ence is marked. In addition, absorption and ex- 
cretion data for the dog and rat are presented 
for both compounds. 

With reference to iodopanoic acid excretion, 
Shehadi (1), without presenting details, states 
that ‘“Telepaque is excreted mostly through 
the intestinal tract. Up to 85 per cent of the 
total ingested was recovered from the feces of 
experimental animals, and from 2.1 to 4.9 per 
cent was excreted in the urine. Traces were 
found in the internal organs, mostly in the liver.”’ 
The species of experimental animals referrred to 
by this investigator was not indicated. Schroder 
and Rooney (2) reported excretion studies on five 
subjects and state that ‘‘86%...was eliminated 
in 5 days, 12.4% by way of the urine, and 73.6% 
by way of the feces. . ..”’ 


METHODS 


The method for the estimation of Teridax® in 
urine, feces, and blood is that of Bang and Georg 
(3). This procedure, with certain minor modifica- 
tions was also employed for the estimation of Teri- 
dax® in tissues. For the quantitative measurement 
of plasma bound iodine (PBI), the method of Con- 
nor, et al. (4), was used. 

Recoveries of Teridax® from blood, urine, feces, 
and tissue (liver and muscle) were carried out with 
the following average results: blood (95%), urine 
(98%), stools (103%), liver and muscle (95%). 
These data are in fair agreement with those pre- 
viously reported by Bang and Georg for Priodax® 
(3). 

In other experiments, iodopanoic acid recovery 
with the same method gave results comparable to 
those obtained with Teridax®. 


RESULTS AND DISCUSSION 


Urine and Fecal Elimination of Teridax® and Iodo- 
panoic Acid in Human Subjects.*—A single three- 
gram dose of Teridax® was administered to each 
of four normal male adults following a two-day con- 
trol period, and aliquots of consecutive total twenty- 
four-hour urine and stools were collected and ana- 
lyzed for iodine. From Fig. 1 it will be noted that 
only a small percentage of the administered dose was 
eliminated in the stools with the major amount 
(17-23%) being recovered from the urine during 
the first forty-eight hours. Despite continued col- 
lection of urine (nineteen days) and stools (five 
days), an over-ali recovery of only 25% was real- 
ized. Hence, approximately 75% of the dose re- 
mained unaccounted for. What role tissue-storage 
might play in this unaccounted iodine was studied 
in four dogs and is reported below. 

In another experiment a single three-gram 
dose of iodopanoic acid was administered to each of 
the four normal male adults, and aliquots of con- 
secutive total twenty-four-hour urine and _ stools 


? We wish to acknowledge the assistance and cooperation 
of F, M. Offenkrantz, M.D., Clinical Pathologist, St. Joseph’s 
Hospital, Paterson, N. J., in making certain of the human 
subjects available for this study. 
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Fig. 1.—Total excretion of Teridax® by four normal 
persons following an oral dose of 3 Gm. 


were collected and analyzed for iodine following a 
two-day control period. Only a small percentage of 
the administered dose was eliminated in the urine 
with the major portion (22-29%), in three of the 
four subjects, being eliminated in the feces (Fig. 
2). After these experiments were complei:, the 
paper by Schroder and Rooney (2) appeared; and 
because of the differences in results from our data, 
further studies on Teridax® and iodopanoic acid 
excretion in human subjects were carried out. It 
was thought that perhaps fasting or a high fat meal 
might account for the discrepant results. Accord- 
ingly, studies were carried out on fasting subjects, 
subjects receiving drug according to routine pre- 
roentenographic procedure, and subjects consuming 
the drug during a meal containing a high fat con- 
tent. The results are given in Table I. If these 
data are compared, it will be noted that the magni- 
tudes of over-all excretion for both compounds are 
about the same; the only difference appears to be 
in the major route of excretion. With Teridax®, 
of the amount excreted, the greater percentage oc- 
curs in the urine; with iodopanoic acid of the elim- 
inated iodine, most is found in the stools. This 
difference in route of excretion is most certainly a 
reflection of the small difference in chemical struc- 
ture between the two compounds. Also, the ap- 
parent influence of diet regime on drug excretion 
should be noted. It would appear that fasting is 
associated with greater drug retention. 

Blood Levels of Teridax® and Iodopanoic Acid in 
Human Subjects.— Blood levels of Teridax were de- 
termined for the first group of four subjects who had 
received a single 3.0-Gm. dose orally and during the 
same time that urine and feces were analyzed for 
iodine. The blood level (Fig. 3) rose fairly rapidly 
to a maximum at six to eight hours (21-34.2 mg. 
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TABLE I.--EXcCRETION OF TERIDAX® AND lODOPANOIC ACID IN HUMAN SuBJECTS 


Fasting? 


Standard* 


Fatty Meal? 


Iodopanoic Acid 


Standard* 


bo bo bo Go 


Fatty Meal? 
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% Drug Excreted (4-day period)* 


Feces 
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Av. 6.1% 
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44.7% 50.8% 


ministration. 


* Daily excretion values corrected by individual control figure obtained on urine and stools from day preceding drug ad- 


> Fasting regimen indicates that the subject ate a normal meal at 6:00 p. m. and took no additional food until noon the 


following day 


Drug was administered at 6:00 a. m. during fasting period. 


* Standard regimen prescribed that the subject eat a light, fat-free meal at 6:00 p. m., take the drug at 10:00 p. m. and eat 


nothing until 8:00 a. m. the following day. 


Water permitted ad libiium. 


@ Fatty Meal regimen required that the subject take the drug midway through the 6:00 p. m. meal and that the meal be 


rich in fats such as butter, cream, bacon, etc. 


%) and then decreased until at twenty-four to 
forty-eight hours no iodine could be detected by the 
Bang and Georg method. After this period, i.e., 
after forty-eight hours, PBI determinations were 
initiated, and the mean PBI values for the four 
subjects were found to be 166, 65, and 12% ug. % 
for two, twelve and ninety-eight days following drug 
administration, respectively. Control PBI values 
in these studies averaged approximately 6.5 ug. %. 

Iodine blood levels following iodopanoic acid were 
studied on the first group of four subjects who had 
received the single 3.0-Gm. oral dose of this com- 
pound, and from Fig. 4, it will be seen that the maxi- 
mum level was attained at approximately ten hours 
and decreased quite slowly so that even at seventy- 
two hours a measurable amount of circulating iodine 
was found with the Bang and Georg method. 


* This figure is the mean for three of the four subjects only 
because the sample for the fourth subject was lost. 


Plasma bound iodine levels were followed weekly 
for the first three weeks with the mean PBI for the 
four subjects being 160, 83, 42, and 10 wg. % for 
days seven, fourteen, twenty-one, and fifty-six,‘ 
respectively. 

Urine and Fecal Elimination of Teridax® and Iodo- 
panoic Acid in Dogs.—The excretion of Teridax® in 
dogs (Fig. 5) occurs slowly with only small amounts 
(11-14%) of the dose being recovered even up to 
twenty-three days after oral drug ~dministration 
(150 mg./Kg.). At twenty-three days amounts of 
iodine were found which in some cases were greater 
than had been observed on the first and second days 
of the experiment. Fecal excretion was more pro- 
nounced in dogs than in man being approximately 
1.5-4.0% of the dose, but even this amount is small 
when compared to the urine recoveries. 


* This figure is a mean of two subjects; the remaining sub- 
jects were not available for sampling 
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Dose 
Drug (Gm.) Regimen Subject Urine Total 
Teridax® 3.0 Mo 28.0 1.1 29.1 
3.0 Ma 24.9 0.9 25.8 yo 
3.0 Cr 21.2 0.2 21.4 
ny 3.0 Tr 26.7 0.2 26.9 
Ay. 25.2% 0.6% 25.8% 
3.0 Cj 39.2 40.0 4 
3.0 WB 36.8 37.4 
3.0 SL 36.0 36.4 
3.0 TT 36.7 37.3 
3.0 cc 40.5 41.2 
Av. 8%, 0.6% 38.6% 
3.0 fF TE 35.3 0.8 36.1 
3.0 TEw 31.7 03 32.5 
3.0 JA 53.2 0.4 53.6 
3.0 JAw 41.5 0.9 42.4 
Av. 40.4% 0.7% 41.2% 
M4 Po 3.0 Fasting® Ma 4.7 30.3 35.0 : 
3.0 Mo 3.1 21.7 24.8 
3.0 Tr 5.4 20.9 26.3 
3.0 Na 9.0 7.9 16.9 
Av. 5.5% 20.2% 26.9% 
0 AN 
0 sc 
0 FW 
0 NS 
0 HH 
0 RM 
Av. 9.6% 44.6% 
DS 
3.0 PG 
3.0 AM 
3.0 NM 
3.0 EH 
3.0 EHw 
4 
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Fig. 2.—Total excretion of iodopanoic acid by 
our normal persons following a sirgle oral dose of 
3 Gm. 


Fig. 4.—Iodopanoic acid concentration in the 
blood of four normal persons following oral adminis- 
tration of a single 3-Gm. dose. 


Mem TERIDAX / 100 4! 


Fig. 3.—Teridax® concentration in the blood of 
four normal persons following oral administration of 
a single 3-Gm. dose. 


Iodopanoic acid, somewhat like Teridax®, when 
administered to dogs is slowly excreted (Fig. 6). 


4 
SIONS. 
MIN 


Fig. 5.—Total excretion of Teridax® by three 
dogs following an oral dose of 150 mg./Kg. body 
wt. 


Excretion occurs, however, unlike Teridax®, mainly 
in the feces. At one week following oral administra- 
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Fig. 6.—ixcretion of iodopanoic acid by three 
dogs following an oral dose of 300 mg./Kg. body 
wt. 


tion of the drug (300 mg./Kg.) over 90% of the drug 
was still unaccounted for. 

Excretion of Teridax® by Rats.—Studies on rats 
with Teridax® were carried out because the rat does 
not possess a gall bladder, and it was of interest to 
ascertain if the excretion pattern observed in dogs 
and man with Teridax® might differ in the rat. 

In one experiment rats were fed Teridax® (130- 
160 mg.) in the diet. Urine and fecal excretion of 
the compound were estimated, and it was found that 
the rats excreted 53-72% of the drug in the urine 
during the first forty-eight hours. In the feces only 
traces were noted. These results with Teridax® in 
rats are certainly of an entirely different order of 
magnitude of those found for the dog and for man 
with the same compound. No experiments with 
iodopanoic acid on rats were carried out. 

It would appear that the rat is not at all satisfac- 
tory as an experimental animal in which to study 
excretion of this radiopaque substance. The dog, 
on the other hand, appears to have an excretion 
pattern similar to man. 


TABLE II.— 


Tissue Concentrations of Teridax® in Dogs.—Be- 
cause only approximately 25% of the administered 
iodine was accounted for in the urine and stools of 
dogs despite long collection periods (twenty-three 
days), attempts to localize the remaining 75% were 
made. Twenty-three days after the oral adminis- 
tration of Teridax® (150 mg./Kg.) to four dogs and 
at a time when urine and fecal output of iodine was 
no longer evidenced in the feces and only traces were 
present in the urine, the animals were sacrificed and 
the iodine content of various tissues estimated by 
the Bang and Georg method (3). 

Data obtained from tissue analyses of dogs 19 and 
20 (Table IL) did not yield a satisfactory balance 
although it was clearly indicated that the fat, 
muscle, and li ‘er were major storage sites. It was 
then realized , »... at least one possible large tissue 
storage site, the skin, had not been examined; and 
for this reason, dogs 25 and 28 were examined in a 
manner similar to dogs 19 and 20 but, in addition, 
in dogs 25 and 28 representative skin samples and 
the entire hind leg of each dog were analyzed for 
iodine. The results of these analyses are also pre- 
sented in Table II. It will be noted that on a con- 
centration basis the iodine level in the skin and liver 
appear to be much greater than that found for fat 
and muscle. Only trace amounts of the drug ap- 
peared in the brain and heart; none could be de- 
tected in the stomach, cerebrospinal fluid, blood, 
small intestine, pancreas, kidney, adrenal, gall 
bladder, and spleen. 

In an attempt to arrive at a balance on the com- 
pound, it appeared reasonable to consider the con- 
centration of iodine in an aliquot of the ground leg 
as a rough approximation of the amount of com- 
pound per gram of eviscerated carcass. Then, by 
simple calculation, the amount of iodine (expressed 
as Teridax®) could be calculated) This amount, 
plus that found in the liver, was taken to indicate 
the total amount of compound in the body at the 
time of autopsy. Adding to this the amount elim- 
inated in the urine and stools, an estimate of the 
net-balance was obtained. From the results ob- 
tained in dogs 25 and 28, it would appear that at 
least a rough net-balance was obtained and that the 
drug previously unaccounted for by urine and fecal 
excretion could be accounted for now in certain 
tissues of the body. 


SUMMARY 


1. Information is presented on the mode and 
rate of absorption, excretion, and blood levels 
(including plasma bound iodine) of the chole- 


-DISTRIBUTION OF TERIDAX® IN DoGs FOLLOWING A SINGLE ORAL DosE 


-Teridax® (mg. 
Skin Liver Fat Muscle Leg 
49 80 18 11 25 
44 10 8 17 
28 7 3 
23 6 3 


Teridax® 
Balance 
B >* + 


——————Teridax® 
Urine 
Evise.> 

Skin* i Fat Muscle Carcass 
280 255 
384 310 
336 
whe 375 
A 


* Calculated on basis of skin comprising 8% body weight, fat 20% ‘body y weight, and 4 muscle 40% body 
+ Calculated from concentration in leg and assuming equivalence to eviscerated carcass in composition. 
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cystographic agent, Teridax®, following oral 
administration toman. Data on absorption and 
excretion are also presented for the dog and rat. 
In addition, certain comparative data for 
iodopanoic acid are given. 

2. Following a single oral dose (3.0 Gm.) of 
Teridax® to fasting adult human males, 17—23 per 
cent of the administered compound, estimated as 
iodine, was recovered in the first forty-eight-hour 
urine. A total urine and stool excretion of 25 per 
cent was realized during a twenty-three-day 
collection period. 

3. Blood levels of iodine following the oral 
ingestion of Teridax® reached a maximum at 
six to eight hours and decreased until at twenty- 
four to forty-eight hours no iodine could be 
found. With a more sensitive method, however, 
it was found that elevated plasma bound iodine 
levels persist for at least ninety-eight days. 

4. Following a single oral dose (3.0 Gm.) of 
iodopanoic acid to fasting adult human males, 
22-29 per cent of the dose appeared in the stools 
with only very small amounts appearing in the 
urine. Blood iodine levels reached a maximum 
at about ten hours and declined slowly. 

5. Data on the effect of diet regime on excre- 
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tion of Teridax® and iodopanoic acid in adult 
human subjects are presented, which indicate 
that greater drug retention is associated with fast- 
ing. 

6. Indogs, 11-14 per cent of the Teridax® dose 
was found in urine and stools. Most of this 
amouiit was excreted in the urine with traces in 
the stools. Following iodopanoic acid admin- 
istration, 10 per cent was accounted for in urine 
and stools; the predominant portion was elim- 
inated in the stools. 

7. Analyses of the carcasses and major organs 
and tissues of dogs that had received Teridax® 
indicated that almost all the iodine unaccounted 
for by stool and urine analyses was localized in 
the liver, skin, fat, and muscle. 

8. In the rat, approximately 60 per cent of 
the Teridax® dose is eliminated during forty- 
eight hours in the urine with only traces in the 
feces. 
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The Optical Crystallographic Properties of Some 
N. F. X Substances" 


By JOHN A. BILESt 


The optical crystallographic properties of anthralin, butyl aminobenzoate, dan- 
thron, drocarbil, hexestrol, histidine monohydrochloride, mestilbol, naphazoline 
hydrochloride, nitrofurazone, para-aminohippuric acid, para-nitrosulfathiazole, 
phthalylsulfacetamide, quinine dihydrochloride and quinine hydrochloride are re- 
ported. All compounds except mestilbol and quinone hydrochloride will be in the 
N.F. X. These data afford a rapid and specific method for identification. 


Te AID IN THE identification of many of the 

U. S. P. solid substances, the optical crys- 
tallographic properties were included in the 
fourteenth revision (1). The use of the refrac- 
tive index of solids as an aid in identification was 
reported in the ninth edition of the National 
Formulary (2). The purpose of this communi- 
cation is to report the data of some substances 
included in the N. F. X which have not been re- 
ported in the literature. 


* Received August 27, 1954, from the Pharmaceutical 
Chemistry Laboratories of the University of Southern Cali- 
fornia School of Pharmacy, Los Angeles, Calif 

t Associate Professor, School of Pharmacy. 

The author is grateful to R. N. Castle who located ample 
supplies of anthralin and buty! aminobenzoate from Abbott 
Laboratories, p-nitrosulfathiazole from Breon, naphazoline 
hydrochloride from Ciba, p-aminohippuric acid from Delta 
Chemical Works, nitrofurazone from Eaton, phthalyl- 
sulfacetamide from Schering and danthron and drocarbil 
from Winthrop-Stearns. 


EXPERIMENTAL 


The compounds studied meet N. F. specifications. 
The optical crystallographic properties were de- 
termined with the use of a Spencer petrographic 
microscope. The principal indexes « refraction 
were determined by the immersion method using 
centered interference figures to determine the proper 
orientation of the crystal. In some instances the 
index for alpha and gamma could be determined 
only with crystalline fragments showing high bire- 
fringence. To orient properly some of the crystal- 
line substances, glass wool was used. 

Two sets of immersion oils were used. One set 
was prepared using mineral oil, a-bromnaphthalene, 
methylene iodide, sulfur, etc. The mineral oil and 
a-bromnaphthalene mixtures were prepared in this 
laboratory. The oils of indexes 1.71 to 1.30 were 
purchased from Cargille Laboratories (Series M). 
The indexes of the purchased oils differed by an in- 
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TABLE I.—OpTiIcaL CRYSTALLOGRAPHIC DATA 


Anthralin 
Buty! aminobenzoate 
Danthron 
Drocarbil 

Phase I 

Phase II 
Hexestrol (from CHCl) 
Histidine monohydrochloride 
Mestilbol 
Naphazoline hydrochloride 
Nitrofurazone 
para-Aminohippuric acid 
para-Nitrosulfathiazole 


Phthalylsulfacetamide 
Quinine dihydrochloride 
Quinine hydrochloride 


Anthralin 
Buty! aminobenzoate 
Danthron 
Drocarbi! 

Phase I 

Phase II 
Hexestro! (from CHCl) 
Histidine monchydrochloride 
Mestilbol 
Naphazoline hydrochloride 
Nitrofurazone 
Para-Aminohippuric acid 
Para-Nitrosulfathiazole 
Phthal ylsulfacetamide 
Quinine dihydrochloride 
Quinine hydrochloride 


Habit 


Lamellar 
Tabular 
Lamellar 


Tabular 
Tabular 
Tabular 
Tabular 
Tabular 
Tabular 
Lamellar 
Columnar 
Equant 


System 


Orthorhombic 
Monoclinic 
Tetragonal 


Monoclinic 
Orthorhombic 
Monoclinic 
Orthorhombic 
Monoclinic 
Triclinic® 
Monoclinic 
Orthorhombic ¢ 
Triclinic 


Monoclinic 
Monoclinic 
Orthorhombic 


Columnar 
Lamellar 
Lamellar 


Elongation 
Bxa( +), Bxo(—), O.N.(—) 
Bxa(+), Bxo(—), O.N.(+ 
Flash figure(—) 


Negative 

Bxa(+), Bxof—), O. 

Bxa(+), Bxo(—), O 
oO. 


N. 
N. 
Bxa(—), Bxo(+), 


N 
Bxa(—), Bxo(+), OLN. 
+ 


+ 
Bxa(—), Bxo(+), O.N.(—) 


Bxa(—), Bxo(+), O.N.(—) 
Bxa(+), Bxo(—), O.N.(—) 
Positive 


terval of 0.1. The second set of oils was prepared 
by mixing varied amounts of glycerin and a solution 
of potassium mercuric iodide. The choice of the 
oils depended on the solubility of the solid substance. 

The indexes of refraction were determined ap- 
proximately using white light, then determined ac- 
curately using sodium vapor light of wavelength 
5,889 and 5,895 The indexes were determined 
at or corrected to 25° + 1°. The accuracy of 
the determinations was +0.002, excepting the de- 
terminations of the indexes between 1.71 and 1.80. 
The accuracy for these high values was +0.005 
because of the 0.1 intervals of the oils. Utilizing 
the indexes the axial angle, 2V, was calculated 
using the more exact formula suggested by Wahl- 
strom (3). The birefringence, which is the numeri- 
cal difference between the highest and lowest in- 
dexes, is reported because the value together with 
the optic sign may be valuable in predicting the 
orientation of the molecule in the solid state. This 
is particularly true with aromatic compounds. 

The method of reporting elongation refers to the 
interference figure observed. The habit is de 
scribed following the suggestion by Winchell (4). 
No pleochroism was observed in any of the com- 
pounds except p-nitrosulfathiazole which possibly 
may be dichroic. 

Table I lists the most important optical crystallo- 
graphic data of the compounds. 


DISCUSSION 


The optic sign of nitrofurazone could not be de- 
termined. The birefringence is very large. This is 
expected because of the partial planarity and con- 
jugation. It was very difficult to determine alpha 
because the lamellar crystals must be oriented at 


Orientation of 
Ellipsoid and 
Extinction Angle 
XX ja, VY ZZ 
YY |b, ZZAc, 16° 
Parallel and complete 


Common 
Orientation 
Bxa 
Bxo* 
Optic axis 


Dispersion 
Rhombic, r > v 
None observed 
None observed 


Bxo 

Bxa 

Optic axis 
Optic axis 
Optic axis 
Bxa*® 

Optic axis 
Optic normal* 
Optic axis® 


Bxa 
Bxo 
Bxo 


XX IIb, YYAc, 15° 
XX Ib, YY Ile, ZZ 
YY |b, XXAc, 23 
XX ja, VY ile, ZZ ib 
YY ib, XXAc, 18° 


YY |b, ZZAc, 42° 
XX YY lla, ZZ 


Crossed, v > r 
None observed 
None observed 
Rhombic, r > v 
Inclined, v > r 
None observed 
None observed 
Rhombic, r > v 
Anomalous, very 
strong 
Horizontal, r > v 
Crossed, v > r 
Rhombic, r > v 


XX Ib, 8° 
XX jb, YY ZZ Aa, 40° 
XX lla, YY |b, ZZ lic 


-Refractive Indexes¢— Bire- 
8 Y fringence 


Optic 
Sign 


Axial 
Angle 
Medium 
Small 
o° 


a 
580 


+++ 


Medium 
Large 


+i +i 


52° 
61° 


an angle of 42°. In addition the oils of low index of 
refraction are quite volatile. 

The properties of most of the sulfonamide drugs 
have been reported (5). It is interesting to note 
that alpha and beta for phthalylsulfacetamide and 
sulfacetamide are almost identical. A nitrogen 
assay eliminated the possibility of substitution or 
hydrolysis. The crystal system for p-nitrosulfathi- 
azole was determined from the dispersion. This 
substance shows very strong anomalous dispersion, 
such dispersion shown by triclinic crystals. The 
orientation of the bisectrix in -nitrosulfathiazole 
could not be determined. For exact determination 
of the system and orientation of the bisectrix, one 
must resort to goniometric measurements or X-ray 
studies. 

Naphazoline hydrochloride is pseudomonoclinic 
Measurement of the angles indicated that the crystal 
was not monoclinic. Naphazoline hydrochloride 
reacted with the immersion oils of indexes greater 
than 1.78. The indexes, system, sign, habit, and 
elongation for quinine monohydrochloride have been 
reported (6). The additional data for this U. S. P. 
substance are herewith reported. The quinine 
dihydrochloride was recrystallized from a mixture of 
alcohol and chloroform. To a saturated solution 
was added enough ether to cause precipitation. Ex- 
cellent crystals were obtained following twenty-four 
hours’ standing. 

The properties of the synthetic hormones are 
valuable in dis-ussion of molecular orientation. The 
optical crystallographic data for estrone have been 
reported (7). The three reported phases of estrone 
have a negative optic sign. The crystal properties 
of diethylstilbestrol are similar to those of estrone 
(8). Both hexestrol and monomestrol are positive 
crystals. 


February, 1955 eC 75 
1.517 1.551 >1.80 >0. 283 
1.79 (w) >1.80 >0.01 
53° 1.496 1.710 1.780 0.284 
(—) 41° 1.597 1.610 1.710 0.113 
(—) 80° 1.495 1.565 1.687 0.192 
+) 86° 1.566 1.597 1.623 0.057 
—) 52° 1.522 » 1.563 1.780 0.258 
Small 1.615 1.623 >1.780 >0.165 
' 1.509 1.613 >1.80 >0.291 
te 1.557 1.711 >1.80 >0. 243 
1.550 1.568 21.80 20.250 
| | 1.542 1.657 1.689 0.147 
1.590 1.610 1.669 0.079 
* Off centered. ° Pseudomonoclinic. r Orthorhombic sphenoidal. 4 Indexes determined at 5889, 5895 A (sodium vapor 
light) 
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Two definite crystalline phases were observed 
with drocarbil. The two phases occurred from the 
recrystallization from aleohol. A_ separation of 
phases was not successful. Therefore, analyses 
could not be made 


SUMMARY 


1. The optical crystallographic data are re- 
ported for thirteen N. F. X solid substances and 
one U.S. P. XV solid substance. 

2. The data afford a rapid and specific method 
of identification. 

3. The data can be determined on small 
amounts of material. 
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Mercurated Amides of Alpha-Amino Acids* 


By WILLIAM O. FOYE and ROBERT A. MODE} 


Naturally-occurring a-amino acids have been employed in the preparation of a series 

of mercurated allyl amides as possible diuretics with low toxic and irritant properties. 

Relatively stable, recrystallizable and water-soluble mercurials were isolated which 
showed diuretic activity either by intravenous or oral administration. 


T= ORGANIC MERCURIALS have been accepted 

as one of the most effective types of agents for 
the stimulation of diuresis in the relief of edema 
(1), but occasional toxic reactions (2) often car- 
diovascular in nature, limit their usefulness. The 
report of Wachstein and Meisel (3) that the pres- 
ence of certain a-amino acids alleviated the 
toxicity of mercurial diuretics in rats made prom- 
ising a study of mercurated derivatives of a- 
amino acids themselves. Furthermore, the 
studies of Rowland (4) which isdicaied that the 
texicity of mercurial diuretics was not due directly 
to the ionization of the mercury also suggested 
the use of relatively nontoxic organic compo- 
nents for the preparation of mercurial diuretics. 
A series of mercurated derivatives of a-amino 
acids having the following structure (I) has ac- 
cordingly been prepared. These compounds are 
named as N-(3-acetoxymercuri-2-methoxypro- 
pyl)-alpha-substituted hippuramides in this com- 
munication. 


R 


The majority of organic mercurials which have 
seen clinical use are 3-substituted mercuri 2- 
methoxypropylamides of organic acids (which 
are designated as mercurated allyl amides in this 
discussion), since the allyl group provides a con- 
venient seat of attachment for the mercury. 
Although a variety of organic acids have been 
employed in possible diuretics of this type, no 
a-amino acids have been reported for this pur- 
pose. Some closely related types which have 
shown good diuretic activity, however, are mer 
curated N-allyl urethans (5) and mercurated 
derivatives of N-allyl urea (6). 


DISCUSSION 


Attempts to prepare mercurated allyl amides of 
e@-amino acids in which the amino group is unpro- 
tected produced only noncrystallizable, nonpurifi- 
able oils. When the amino groups were blocked 
with the benzoyl group, however, the desired prod- 
ucts were readily obtained by amide formation with 
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allyl isothiocyanate and mercuration with mercuric 
acetate in methanol. The exact structure of meth- 
oxy-mercurated allyl amides has been proved by 
Pearson, et al. (7). 

The major problem encountered in this synthesis 
was the isolation of the mercurated product in 
crystalline form. The oils which resulted after re- 
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TABLE I.—N-~(3-ACETOX YMERCURI-2-METHOX YPROPYL )-HIPPURAMIDES (1) 


Yield, 
m. p 


30 139-142° 


Amino Acid 
Used 


Glycine 


Alanine 146-148° 


dl-Leucine 154-156° 


dl-Methionine 123-127° 


dl-Phenylalanine 164-166° Acetone 


“ Calculated from the ally! amides of the a-benzoylamino acids 


6 All melting points are corrected. 


Methanol-ether 


Recrystn. 
Solvent 


Methanol-et her 


Formula 


N2Hg 
NeSHg 
CuH.OsNoHg 


© Analyses for C and H were carried out by the Clark Microanalytical Laboratory, Urbana, III. 


fluxing the methanol solutions of the allyl amides 
and mercuric acetate were eventually found to crys- 
tallize from ether-methanol solutions of the correct 
proportion to give faint turbidity, after prolonged 
scratching and cooling. When the mercurials were 
obtained without refluxing but by prolonged stand- 
ing at room temperature, lower melting products 
resulted which gave the same analysis after thorough 
drying. These products are believed to be hydrates. 
In either case, the mercurated amides were rela- 
tively stable, recrystallizable, and water-soluble. 
The physical characteristics and analytical proof of 
the compounds prepared are listed in Table I. 

The diuretic activity of these compounds, deter- 
mined at the Lilly Research Laboratories by Drs. 
K. K. Chen and E. B. Robbins, was in general de- 
scribed as good, although the leucine and phenylal- 
anine derivatives had a weak effect. The results of 
intravenous administration in dogs is sumraarized 
in Table II. The glycine derivative, the most 
promising of these diuretics, also produced diuresis 
in oral doses of 2 mg./Kg. in one of four dogs without 
signs of gastric distress. Oral doses of 4 mg./Kg. 
caused diuresis in three of four dogs and gastric 
distress in two of four. No gastric distress was ob- 
served from the intravenous doses. The acute oral 
toxicity of the glycine derivative in 1% solution was 
approximately 350 mg./Kg. in the mouse. 


Tasie I1.—Druretic Activity OF THE MERCU- 
RATED AMIDES 


Diuresis Diuresis 
Obs. / Obs 
No. of 
Dogs 
2/6 
3/6 
3/6 
1/2 
0/2 


Dose,* Dose,* 
mg./ 
Kg 
1.0 
1.0 
1.0 
1.0 


1.0 


No. of 
Dogs 
6/6 
4/6 
3/6 
1/2 
2/2 


Mereurated 
Amide 


Glycine 
Alanine 
Methionine 
Leucine 
Phenylalanine 

® The compounds were dissolved in dimethylformamide 
and administered intravenously. 


EXPERIMENTAL 


a-Benzoylamino Acids.—Benzoylation of the di 
a-amino acids was carried out by the general pro- 
cedure of Ingersoll’ and Babcock (8) for hippuric 
acid, except that the reaction mixtures were shaken, 
instead of being stirred, until the odor of benzoyl 
chloride had disappeared. The following yields 


and melting points were obtained after recrystalliza- 
tion from aqueous alcohol: N-benzoyl alanine, 
89%, 165-167°; N-benzoyl leucine, 86%, 141-143°; 
N-benzoy! methionine, 79%, 152.5-154°; N-benzoyl 
phenylalanine, 92%, 186-187.5°. Several of these 
melting points are higher than those previously re- 
ported 

N-Allyl Hippuramides.—The general procedure 
of Diels and Beccard (9) was used. In a 200-cc. 
flask equipped with a reflux condenser and a gas 
collecting attachment were placed 50 Gm. (0.28 
mole) of hippuric acid and 30 Gm. (0.30 mole) of 
freshly distilled allyl isothiocyanate (b. p. 150.7°). 
The mixture was heated at 130° until no more gas, 
carbon oxysulfide, was evolved (generally two hours 
were required). After cooling to room temperature, 
the impure product was dissolved in boiling acetone 
and precipitated by petroleum ether. After several 
such precipitations and recrystallization from aque- 
ous alcohol, 36.8 Gm. (60%) of white, crystalline 
N-allylhippuramide was obtained; m. p. 133-135° 
(Lit., m. p. 138.5°). 

N-allyl-a-methylhippuramide, after recrystalliza- 
tion from acetone, was obtained in 50% yield as 
white, mossy needles; m. p. 139-140.5°. 

Anal.—Caled. for Ci;HisO.N,: C, 67.22; H, 6.94. 
Found: C, 67.33; H, 7.04 

N-Allyl-a-isobutylhippuramide, recrystallized 
from acetone, was obtained in 60% yield as glisten- 
ing, white crystals; m. p. 154-155°. 

Anal.—Caled. for CjsH220.N2: C, 70.04; H, 8.08 
Found: C, 70.07; H, 8.14. 

N - Allyl - @ - (8’ - methylmercaptoethyl) - hip- 
puramide, recrystallized from acetone, was obtained 
in 58% yield as white needles; m. p. 136.5-138°. 

Anal.—Caled. for C);HwO.N,S: C, 61.61; H, 
6.89. Found: C, 61.38; H, 7.07. 

N-Allyl-a-benzylhippuramide, white needles, was 
obtained in 62% yield after recrystallization from 
acetone; m. p. 164—166°. 

Anal.—Caled. for CisH2»O2N2: C, 74.00; H, 6.54. 
Found: C, 73.98; H, 6.14. 

Mercuration of the Allyl Amides.—The prepara- 
tion of the glycine derivative is representative of 
this procedure. Toa hot solution of 10 Gm. (0.046 
mole) of N-allylhippuramide in 200 ml. of absolute 
methanol was added a hot solution of 14.5 Gm. 
(0.045 mole) of mercuric acetate in 200 ml. of ab- 
solute methanol. The mixture was warmed gently 
for ten minutes and then allowed to cool to room 
temperature, when a small quantity of flaky pre- 
cipitate appeared. After filtration, the solution 


2 
77 
— Caled. Pound 
os 
3.93 4.12 
36.73 36.49 
| 4.24 4.14 
4038 40.48 
5.00 
37.06 37.64 
4.50 4.20 
44.11 44.41 
4.37 4.55 
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was allowed to stand overnight. It was then re- 
fluxed for two to three hours, when another small 
amount of gray precipitate formed and was removed. 
The resulting solution was concentrated at 30° (40 
mm. pressure) to a viscous oil which was dried at 
room temperature under vacuum (1 mm.) to remove 
any remaining acetic acid. The product was dis- 
solved in hot methanol, and anhydrous ether was 
added to the point of lasting turbidity. After pro- 
longed cooling (generally over two days) and scratch- 
ing, white crystals (7.3 Gm., 30%) were obtained 
which could be recrystallized from methanol-ether 
solution. The melting point was 139-142°. When 
the refluxing period was shortened or omitted and 
the oil was not dried, a melting point of 116—-122° 
was obtained. 


SUMMARY 


1. A series of mercurated allyl amides of 
a-amino acids has been prepared for evaluation of 
diuretic activity. 

2. The following new compounds have been 
characterized: N-(3-acetoxy-mercuri-2-methoxy- 
propyl)-hippuramide, N -allyl- a-methylhippur- 
amide, N-(3-acetoxymercuri-2-methoxypropyl)- 
N -allyl- a-isobutylhip- 


a-methylhippuramide, 
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puramide, N-(3-acetoxymercuri-2-methoxypro- 
pyl)-a-isobutyl-hippuramide, _N -allyl-a-(8’- 
methylmercaptoethyl) - hippuramide, N-(3- 
acetoxymercuri-2-methoxy propy])-a- (8’-methyl- 
mercaptoethyl) - hippuramide, N - allyl - a - 
benzylhippuramide, and N-(3-acetoxymercuri-2- 
methoxypropy])-a-benzylhippuramide. 

3. These compounds showed good diuretic 
activity and low toxic and irritant properties by 
intravenous administration in dogs. The mer- 
curated glycine amide also showed good diuretic 
activity by oral administration. 
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The following compounds have been pre- 
poe and reported: the n-amyl, iso-amyl, n- 

xyl, #-heptyl, n-octyl, and cyclohexyl deriva- 
tives of the benzyl, hexahydrobenzyl, and 
cyclohexyl esters of p-carboxybenzamidine. 
If possible, these compounds will be screened 
for anesthetic and antibiotic properties and 

the results reported later. 


Previous publications (1, 2) have described 

the synthesis of some esters of some N-alkyl 
p-carboxybenzamidines. Prolonged surface and 
infiltration anesthesia, approximately four hun- 
dred minutes, was obtained by certain esters when 
the alcohol portion was benzyl, hexahydrobenzyl, 
or cyclohexyl. 

Following an initial drop in activity by N- 
methylation or N-ethylation, there is a uniform 
increase in the duration of activity with an in- 
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The Synthesis of Some New Alkyl p-N-Alkyl 
Amidinobenzoates* 


By ROBERT BOBLITT} and OLE GISVOLD?! 


crease in the size of the N-alkyl substituent. The 
largest alkyl group that was introduced was an 
n-butyl group. These N-alkyl derivatives ex- 
hibited maximum activity. It was therefore of 
interest to determine the size and nature of the 
N-alkyl groups that would lead to maximum 
surface and intracutaneous activities. 


EXPERIMENTAL 


The preparation of the intermediates such as p- 
cyanobenzoic acid, p-cyanobenzoyl chloride, alkyl- 
p-cyanobenzoates, alkyl-p-carbethoxyiminoben- 
zoates and amidines were prepared essentially ac- 
cording to previously described procedures. How- 
ever, some improvements and variations are re- 
ported as follows. 

Alkyl-p-cyanobenzoates.—Improved yields, al- 
most quantitative, of these intermediates were ob- 
tained when two equivalents of the alcohol and one 
equivalent of p-cyanobenzoyl chloride were refluxed 
in benzene. 

Alkyl-p-carbethoxyiminobenzoates.—It should be 
recorded here that the use of anhydrous ether, as 
in Pinner’s original method, gave considerably 
greater yields of the imidic esters than when anhy- 
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TABLE I.—ALKYL p-ALKYLAMIDINOBENZOATES 


Alkyl! Residue Vield, % 


-————Analysis, % 


m. p., °C. Caled. 


Benzyl Ester of p-N-Alkyl Amidinobenzoic Acid Hydrochlorides 
HCl-HNR—C(==NH 


n-Amyl 79. 
Isoamyl 41. 
n-Hexyl 

n-Heptyl 

n-Octyl 


Cyclohexyl 3.5 


199-200 C, 66.56 
H, 6.98 
C, 66.56 
H, 6.98 
C, 67.26 
7.26 
67.94 
7.52 
68.55 
7.75 
67.64 
H, 6.76 


210 
204 


208-209 


207 


H, 
C, 
H, 
H, 


243-244 


- 


momomozo 
Fie 


22 


Hexahydrobenzy! Ester of p-N-Alkyl Amidinobenzoic Acid Hydrochlorides 
HCl-HNR—C(==NH 


n-Amyl 98 
Isoamyl 

n-Hexyl 

n-Heptyl 

n-Octyl 


Cyclohexyl 


245 


~ 


> 


292-293 


nomomomomamo 


& 


25 


Cyclohexyl Ester of p-N-Alkyl Amidinobenzoic Acid Hydrochlorides 
HClLHNR—C(==NH 


n-Amy! 80 
Isoamyl 70 
n-Hexyl 

n-Heptyl 

n-Octyl 


Cyclohexyl 


drous dioxane was used. Furthermore, the ease of 
manipulation was greater with ether than with 
dioxane. When ether was used as a solvent, excel- 
lent yields of the imidic ester hydrochlorides were 
obtained after the reaction mixture had stood in the 
refrigerator for three days. 

Alkyl-p-N-alkyl Amidinobenzoates.—Some of 
these compounds were first prepared by the pro- 
cedure published by Rost and Gisvold (1). How- 
ever, the following modification gave higher yields 
of the desired amidines. One equivalent of the 
amine was added to the ethanol before the imidic 
ester hydrochloride was dissolved. Additional 
amine was then added dropwise until a pH of 7.0— 
7.5 was obtained. After the usual heating period 
of four hours at 70°, the solvent was removed and 
ether was added. In the case of the n-amyl, iso- 
amyl, and ~yclohexyl N-alkyl derivatives, crystal- 


239-240 C, 64.66 
H, 8 


> 


253 -254 


Fw FE Kok 


242 


236-237 


230-231 


288-289 


| 
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line products were obtained upon refrigeration for 
several hours. In the case of the n-hexyl, n-heptyl, 
and n-octyl N-alkyl derivatives, refrigeration did 
not yield crystalline products. The addition of 
petroleum ether followed by a second period of re- 
frigeration yielded crystalline products. The above 
crystalline products, amidine hydrochlorides, were 
dissolved in a minimum amount of hot water. 
Upon cooling, these salts readily separated as crys- 
talline materials. 
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Anticonvulsants* 


A Study of Some Alpha, Alpha-Disubstituted Malondiamides 


By HERBERT. F. SCHWARTZ{ and ROBERT F. DOERGE} 


The primary purpose of this study was the preparation of a series of a,a-disubstituted 
malondiamides not previously prepared nor investigated for their pharmacologica! 

roperties. Because of their structural relationshins to well-known compounds 

aving anticonvulsant activity, and furthermore, since two of the lower members of 
the series have been shown to be without hypnotic activity. a characteristic desirable 
in a good anticonvulsant, this series was considered worthy for further investigation 
as anticonvulsants. The prepared compounds were tested for anticonvulsant activity 
on the male albino rat against electroshock and against Metrazol®. Some of the 
compounds exhibited anticonvulsant activity. At the maximum tolerated oral dose 
the compounds had no action against the stimulating effect of 30 mg./Kg. of ephed- 

rine sulfate injected subcutaneously. 


I THE MAIN, the proper use of anticonvulsant 
drugs is the prime consideration in the man- 
agement of epilepsy. The first effective medici- 
nal agents to be used were the inorganic bro- 
mides, which were introduced in England about 
1857. The introduction of phenobarbital in 1912 
soon led to the replacement of the bromides; in 
fact, phenobarbital is still considered to be a 
very valuable drug, while the bromides are 
rarely, if ever, used in the control of epilepsy. 
Researci: in the field of anticonvulsants led to 
the testing of certain hydantoins by Putnam and 
Merritt (1). From their work came Dilantin® 
which still remains as one of the best agents for 
grand mal epilepsy. Another hydantoin which 
has gained some popularity is Mesantoin® (3- 
methyl-5,5-phenylethylhydantoin). 

Drugs which are more specific for the control 
of petit mal epilepsy also have been introduced. 
Tridione® (3,5,5-trimethyloxazolidine-2,4-dione) 
was introduced in 1945 (2), and Paradione® (3- 
methyl-5,5-methylethyloxazolidine-2,4-dione) in 
1947 (3). More recently Milontin® (N-methyl- 
a-phenylsuccinimide) has been clinically evalu- 
ated (4) and is now commercially available. 

Other drugs which are now commercially avail- 
able include: Mebaral® (N-methyl-5,5-pheryl- 
ethylbarbituric acid), Gemonil (N-methyl-5,5- 
diethylbarbituric acid), Mysoline® (5,5-phenyl- 
ethylhexahydropyrimidine-4,6-dione), Phenur- 
one® (phenylacetylurea), Hibicon® (N-benzyl-6- 
chloropropionamidex). Clinical investigation of 
Themisone® (a-methylmandelamide) has been 
reported (5). 


* Received August 5, 1954, from the College of Pharmacy, 
University of Texas, Auct’u. 

Abstracted from a thesis presented to the Faculty of the 
Graduate School of the University of Texas by Herbert F. 
Schwartz in partial fulfillment for the degree of Master of 
Science in Pharmacy 

t Special Instructor in Pharmaceutice! Chemistry, College 
of Pharmacy, University of ‘I cxas, Austin 

t Present Address: Research and Development Division, 
Smith, Kline and French Laboratories, Philadelphia, Pa. 


A study of the literature shows that many of 
the drugs in present-day use have an undesirable 
sedative action, while there are others which 
possess little or no sedative action but do cause 
other undesirable side effects, such as skin 
rashes, photophobia, exaggeration of personality 
defects, liver damage, and agranulocytosis (6- 
11). This would indicate that there remains a 
need for better anticonvulsants and that further 
investigation of possible anticonvulsants should 
be carried on. 

Many of the synthetic organic compounds pre- 
viously mentioned as anticonvulsants possess 
the group —CO—-NR— in common. However, 
this structural unit is not essential for anticon- 
vulsant activity. Evidence of this is shown by 
Putnam and Merritt (1), who found activity in 
certain aldehydes and ketones, and also by Berger 
(12), working with 2,2-substituted-1,3-propane- 
diols. With the exception of Hibicon® and 
Phenurone®, all of the previously mentioned 
anticonvulsants have a tertiary or quaternary 
carbon atom. The structural relationships of 
the a-, a-dialkylmalondiamides to the effective 
anticonvulsants, and the fact that the diethyl-, 
dipropyl- (13), and 
diamide (14) have no hypnotic activity, indicated 
that this series was worthy of further investiga- 
tion as anticonvulsants. Accordingly, a series of 
substituted malondiamides of the following struc- 
ture was prepared in order to test their pharmaco- 
logical activity: 


R’ 


R’ 


Alpha-ethyleyanoacetamide was prepared by 


‘ 
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TABLE I.—-PHARMACOLOGICAL DATA ON MALONDIAMIDES STUDIES* 


Screntiric Eprrion 


Compound 


Number R! R? 

2661 L 

2657 L C.H, n-C;H; 
2653 L CH; n-C,Hy 
2662 L i-C,Hy 
2656 L n-C,Hy, 
2664 L C.H; 


Maximum 
Tolerated —————Test Results—- ———. 
Oral Dose, mg./Kg. SED? SMES¢ RSCM4¢4 
>1000 or + 
200 0 
200 0 2+ 51+ 
400 0 0 0 
250 0 4+ 0 
> 1000 0 0 


s The n male albino | rat, dosed orally, was used in all the tests. 
6 SED-—Sedative: The ability of the compound to control 
the stimulating action of 30 mg./Kg. ephedrine sulfate in- 
jected subcutaneously is recorded on a kymographic record 
* SMES-—Supramaxima! Electroshock Test: The ability 
of the compound to abolish the hind limb extensor reflex 
produced by a current of 150 ma delivered for 0.3 second to 
the brain via the optic pathway is recorded. 
@ RSCM-Rat Subcutaneous Metrazol® Test: The ability 


condensing acetaldehyde, under reducing condi- 
tions, with cyanoacetamide. The process used 
is a modification of one published by Alexander 
and Cope (15) for the preparation of ethyl-a- 
ethylcyanoacetate. The optimum ratio of re- 
actants was found to be one mole of cyanoacet- 
amide to two moles of acetaldehyde. The di- 
alkyleyanoacetamides were prepared from this 
compound by known procedures. The corre- 
sponding dialkylmalondiamides were prepared 
from the dialkylcyanoacetamides by treatment 
with cold concentrated sulfuric acid. 

The malondiamides were screened for anticon- 
vulsant activity by Dr. Raymond W. Cunning- 
ham of Lederle Laboratories, to whom the au- 
thors are indebted for the pharmacological data 
reported here (Table I). None of the compounds 
had a sedative effect when the maximum toler- 
ated oral dose was administered. When both 
alkyl groups were ethyl the resulting compound 
was inactive to weakly active. Changing one 
group to normal propyl abolished any anti- 
Metrazol® activity. The introduction of a nor- 
mal butyl group in place of an ethyl group gave 
a compound that possessed fair activity against 
both Metrazol® and electroshock; on the other 
hand, an isobutyl group gave a completely inac- 
tive compound. Increasing one alkyl group to 
normal amy! resulted in a derivative with com- 
plete control of electroshock, with no activity 
against Metrazol®. Again, changing the normal 
alkyl group to a branched chain led to a com- 
pletely inactive compound. Goodman, et al., 
(16) in a study of the anticonvulsant properties 
of Mysoline® reported that phenylethylmalondi- 
amide was isolated from the urine of the test 
animals, The possibility that this was the active 


of the compound to block completely the convulsions pro- 
du ced by Metrazol® injected subcutaneously at a level of 70 
mg/Kg. is noted 

* Rating System: In all the tests, 0 to + indicates essen- 
tially no detectable activity of the compound to produce the 
desired effect. A rating of 2+ to 3+ indicates fair to good 
activity. A 4+ rating indicates complete control or desired 
effect and from an activity standpoint is the maximum at- 
tainable rating. 


antiepileptic substance, to which Mysoline® is 
converted, was investigated. They concluded 
that such was unlikely because they found phenyl- 
ethylmalondiamide to be less potent and more 
toxic than Mysoline®, itself. 


EXPERIMENTAL! 


Cyanoacetamide.—This compound was prepared 
from ethyleyanoacetate (Matheson) and concen- 
trated ammonia water in the manner set forth in 
“Organic Syntheses” (17). 

Ethylcyanoacetamide.—Cyanoacetamide (37.8 
Gm.) was dissolved in water (285 cc.) and chilled to 
about 4° in a 500-cc. Pyrex bottle to be used later 
for the hydrogenation. Ten per cent palladium on 
charcoal catalyst (0.9 Gm.) (The American Plat- 
inum Works) was added and mixed by shaking, 
followed by previously chilled fresh acetaldehyde 
(40.5 Gm.) (Eastman). Without delay, the piperi- 
dine solution (1.5 cc. of 10% piperidine in glacial 
acetic acid) was added and hydrogenation begun 
at once at a pressure of one to two atmospheres, 
using a Parr low pressure hydrogenation apparatus. 

When the reaction was complete (eight to twelve 
hours) the catalyst was removed by filtration. If 
crystals were present prior to filtration the mixture 
was warmed slightly. The filtrate was chilled in an 
ice bath or refrigerator to yield flake-like crystals. 
The yield was 36 to 46% with a melting point of 
111-112°. Further amounts of impure ethylcyano- 
acetamide could be obtained by concentrating the 
mother liquor and chilling. 

When recrystallized from hot water it melted at 
113-114°. Literature reports give 112-113° (18) 
and 113° (19). A mixture of ethylcyanoacetamide 
prepared by the standard alkylation process and 
this compound melted at 112.5-113°. 

Table II includes the disubstituted cyanoaceta- 
midesali of which were prepared from ethylcyanoacet- 
amide using a method similar, except for the order 
of the introduction of the alkyl substituents, to that 
reported by Doerge and Wilson (18). 


1 All melting points are uncorrected, 


R! dunn, 
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Taste II.- ~ ANALYTICAL DATA ON CoMPOUNDS STUDIED" 
Carbon % Hydrogen “ Vield 
Compound Formula Caled. Found Caled. Found % M. p., °C 

R(C.H,;)C(CN)C(O) NH, 

R = not analyzed 63.0 121 .5-122° 

R = n-C;H; CsHyON, 62.31 62.67 9.15 9.19 88.2 113.5-114.5* 

R = i-C;H; CsHyON, not analyzed 62.3 111-—112° 

R = na-C,H,’ 64.26 64.57 9.59 9.57 68.4 105-1055 

R = i-C,H, 64.26 64.29 9.59 9.41 46.3 103 .5-104.5 

R= CwHywONe 65.88 66.07 9.96 9.84 44.0 77-77 .5 

R = +-C,Hy, not analyzed 77.9 100-101* 

R = CH,CH,CH,CH(CH;)* CywHywON: 65.88 66.48 9.96 998 6.6 113.5-114.5 
R(C,H,)C{C(O) C(O) NH; 

R = C,H; C;HyOwN, 53.14 53.05 8.92 9.03 quant. 218-219%,/ 

R = a-C,;H? CsH pO2Ne 55.80 55.77 9.37 9.23 quant. 195-196 

R = a-C,H?? CyHyO.N, 58.02 58.18 9.74 9.65 77.2 182-183 

R = ¢#-C,H,? C,HyO.N, 58.02 58.05 9.74 9.48 61.5 211-212 

R = n-C;H,,° CyeHwO.Ne 59.95 60.01 10.06 9.84 91.0 176-177 

R = ¢-CsH,," CwHy»ON, 59.95 60.38 10.06 10.01 84.0 191-192 


* Carbon and hydrogen analyses by Micro-Tech Labora- 


tories, Skokie, Il. © Submitted as new compound. © Doerge 
and Wilson (18) report 120-121°. 4 Conrad and Zart (20) 
report 116°. * Doerge and Wilson (18) report 111-112.5°. 


Ethylisobutylcyanoacetamide.— This 
melted at 103.5-104.5°. 

Anal.—Caled. for CsHisN,O: C, 64.26; H, 9.59. 
Found: C, 64.29; H, 9.41. Doerge and Wilson 
(18) reported a melting point of 127.5° and an analy- 
sis of C, 67.36; H, 10.22. 

General Method for Conversion of Cyanoacet- 
amides to Malondiamides.—Sufficient cold, concen- 
trated sulfuric acid was added to the corresponding 
cyanoacetamide in a beaker to form a clear solution. 
The mixture was then set aside at room temperature 
for several days, after which time it was poured with 
stirring over chipped ice. The crystalline material 
was collected, washed with cold, distilled water, and 
recrystallized from hot water. 

Attempted Svnthesis of Ethylisopropylmalondi- 
amide.—The starting material was recovered un- 
changed. A repetition of the experiment gave 
similar results. No further attempts were made 
to prepare this compound. 

Attempted Synthesis of Ethyl-(1-methylbutyl)- 
malondiamide.—-The starting material re- 
covered when the reaction was run at room tempera- 
ture, at 40°, and at 80°. No further attempts were 
made to synthesize this compound. 

Table II presents the analytical data on the com- 
pounds reported. 

Both chemical and pharmacological investigation 
is being continued on these structures. 


compound 


SUMMARY 


A procedure for the synthesis of monoethyl- 
cyanoacetamide, by the condensation of acetalde- 
hyde with cyanoacetamide under reducing condi- 
tions, has been presented. 

2. Three new dialkyleyanoacetamides were 
prepared. 


‘Doerge and Wilson (18) report. 127.5-128.5° 
crude yield & Pure compound, Doerge and Wilson (18) 
report 88-89°. « Conrad and Zart (20) report 220°. / Fischer 
and Dilthey (21) report 224° (Corr) 


* Initial 


3. Five new dialkylmalondiamides were pre- 
pared. 

4. The attempted synthesis of ethylisopropyl- 
malondiamide and ethyl-(1-methylbutyl)malon- 
diamide from the corresponding cvanoacetamides 
are reported. 

5. Some of the malondiamides showed anti- 
convulsant activity when tested on male albino 
rats. 
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Comparison and Correlation of the Strong Cobb 


and the Monsanto Tablet Hardness Testers* 


By ARCHIE McCALLUM, JOHN BUCHTER, and ROBERT ALBRECHTt 


When testing tablets of uniform hardness and dimensions, a definite relationship 
was found to exist between the Strong Cobb and the Monsanto tablet hardness 


testers. 


Single instruments of either type appear to give reproducible results and 


multiple inst-uments of both types were found to check each other closely. 


T= HARDNESS OF TABLETS is determined in 

the pharmaceutical industry usually by the 
Strong Cobb (1) or the Monsanto (2) testers. 
Both instruments give readings in terms of kilo- 
grams of pressure: the Monsanto tester measures 
the pressure required to compress a spring press- 
ing the tablets and the Strong Cobb the pressure 
exerted directly on the tablets by a pneumatic 
plunger. Although both instruments give indi- 
cations of tablet hardness, the values differ. 
This study was undertaken to compare and cor- 
relate the readings of the two instruments. To 
compare validly hardness determinations on both 
testers, the following test conditions must be 
met: (a) The sizes and weights of tablets must not 


Sodium Bicarbonate, 10 gr.; 
Standard Cup, '*/s-in. Die; 


Ferrous Sulfate, v itamins: 
Standard Cup, "/s:-in. Die; 


vary significantly. (b) A single operator must be 
used to avoid individual variations in technique. 
(c) The tablets used for comparison purposes 
must be of the type which do not vary appreci- 
ably in hardness when sizes and weights are held 
constant. Condition (a) was met by segregating 
tablets into groups of uniform sizes and weights, 
while (6) was fulfilled by using one operator to 
obtain all the experimental hardness data re- 
ported in this study. Tablets of various types 
were studied to determine adherence to condition 
(c). 

Aspirin tablets of uniform size and weight 
were found to vary significantly in hardness from 
tablet to tablet and hence could not be utilized as 


TABL b I. —TABL ET HARDNESS MEASURED with STRONG Coss AND MONSANTO TESTERS 


‘Sodium Salicylate, Sodium Paba; 
Semi-deep Cup, '/:-in. Die; 


Thickness, 0.211 in Thickness, 0. 226 in. Thickness, 0.221 in. 
Weight, 700 mg. Weight, 674-678 mg. Weight, 680-688 mg. Weight, 628-634 mg. Weight, 640-648 mg. 
Strong Strong Strong Strong Strong 
Cobb Monsanto Cobb  -< Cobb Monsanto Cobb Monsanto Cobb Monsanto 
No. 214 o 2 No. 214 No. No. 216 No. 1 o. 216 No. 2 No. 217 No 
18 10 10—*/, 8 12—*/, 6—*/, 15 
17 11 lli—'/, li—'/, 7 ll 6—'/: 11 6—*/, 
17—"/, 10 11 7 12 8 10—*/, 7 1I3—*/, 7 
9 13 7—1/, 9 10—'/, 8—*/, 12—1/, 10 
18 10—"'/2 13 7 12—'/, li—'/; 7—'/2 10—'/, 8—'*/, 
16—*/, 9—'/2 11 8 12—*/, 7 1l—'/, 8—"'/; 13—"'/, 7--'/¢ 
6—/, 7 12 12", 13—*/, 
ll—'/, l1l—*/,  7-—"/s 15 7—*/, 14—*/, 8—'/, 

Weight, 702 mg. 10—*/, 13 7 @ 
17 12—"/: 12—*/, 11—*/, 12—"/s 8—*/, 
16—*/, 9—'/s 12—*/, 11—*/, 12—"/, ll—'/, 
15—"'/2 10 ll—'/ 13 10—*/, 1l—*/, 
17 11—"/, 12—'/, 11—*/, 12—"/, 
17 10 12—*/, 11l—*/, 
16—'/2 9—'/, 13 11 
16—'/2 11 13 li—'/, 
16—"/,  9—1/, 12 

Mean: Strong Cobb 
—16 Mean: Strong Cobb—12.1 Mean: Strong Cobb—12.1 

Mean: Monsanto— Mean: Monsanto—7.4 Mean: Monsanto—7.9 


10.1 

Ratio: Strong Cobb/ 
Monsanto— 
1.67/1.00 


1.64/1.00 


Ratio: Strong Cobb/Monsanto— 


Ratio: Strong Cobb/Monsanto— 
1.53/1.00 


* Received August 11, 1954, from Strong, Cobb and Com- 
pany, Inc., Cleveland, Ohio. 

+ Designer of the Strong Cobb Hardness Tester. 

The assistance of Doctor George M. Naimark in writing 
this paper is gratefully acknowledged. 
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a standard. This was also feund to be true of 
aspirin tablets manufactured by two other con- 
cerns. Likewise, aspirin compound tablets ex- 
hibited hardness variation from tablet to tablet. 


‘ 
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Acetylcarbromal; 
Stundard Cup, '/+in. Die; 

Thickness, 0.276 in 

Weight, 338-344 mg 
Strong Strong 
Cobb Cobb 
No. 218 No. 219 
6—1/, 


Monsanto 
o. 2 
.2 


Vol. XLIV, No. 2 


TABLE II.—TaBp_et HARDNESS MEASURED WITH STRONG Copr AND MONSANTO TESTERS 


Digitalis Tablet; 
Standard Cup, */.-in. Die; 
Thickness, 0. 196 in. 
Weight, 190-196 mg. 
Strong Strong 
Cobb Cobb 
No. 218 No, 219 


4 4—'/, 
4 


Calcium Carbonate, Magnesium Oxide; 
Semi-deep Cup, 7/-in. Die; 
Thickness, 0.391 in 
Weight, 936-050 mg. Weight, 952-972 mg. 

St 


Monsanto Monsanto 
No. 2 . 2 No, 2 


11 9 


wo 

| | 

& 


Mean: Strong Cobb— 6.1 

Mean: Monsanto—3.6 

Ratio: Strong Cobb/ 
Monsanto—1 .69/1.00 


Mean: 


Ratio: Strong Cobb/ 
Monsanto—1 .77/1.00 


10 

7 

9 
10—*/, 
11 


1! 
11 

9 
10 
10—"/- 
ll 


Mean: Strong Cobb—4.00 Mean: Strong Cobb—14.3 
Monsanto—2.25 


Mean: Monsanto—9.9 


Ratio: 
1.00 


Strong Cobb/Monsanto—1.45/ 


Ferrous Sulfate, Quinine Sulfate; 
Deep Cup, */\-in. Die; 
Thickness, 0.265 in 
, 200-209 mg. Weight, 210-216 mg. 
Strong 
Cobb Monsanto 
No. 216 No. 2 


Monsanto 
No. 214 No. 2 
12 
10—"'/, 


Ferrous ate, 

Cobalt Sulfate; 

Deep Cup, ''/s2-in. Die; 
Thickness, 0. 265 in. 
Weight, 310-326 mg. 


No. 216 
12 ‘4 
10—*/, 
10—'/s 


Aspirin Compound; 
Standard Cup, '/:-in. Die; 
Thickness, 6.214 in. 


Monsanto 
No. 2 


5—'/s 


Monsanto 
No. 2 


Mean: Strong Cobb—12.5 
Mean: Monsanto—7.4 


Ratio: Strong Cobb/Monsanto— 


1.70/1.00 


Mean: Strong Cobb 


Mean: Monsanto— 


7.3 

Ratio: Strong Cobb/ 
Monsanto— 
1.54/1.00 


4—'/s 
8 


10—"/s 
7 6—"/; 


No. 217 


10—"/s 
13 —3/, 
10—*/, 
12—"'/, 


Mean: Strong Cobb—11.3 

Mean: Monsanto—7.4 

Ratio: Strong Cobb /Monsanto— 
1.56/1.00 


= 
i 2 No. 216 
a 6 2 4 2 17 15 
5 4 2 13—"'/; 14—*/, 
6 ‘ 3—'/, +4 15 15 
5 ‘ 4—'/, 2—'/, 16 13—*/, 
+ 5 3— 1— 13—'/, 
7 4 2—'/, 13—'/, 14 
5 6 3—*/, 3 14—*/, 
6—'/2 6—"'/; 4—'/, 3—*/, 2 —1/, 13 
7 5 3 4—'/, 2—'/, 14—'/, 
6 6—'/s 3—*/4 4 2—'/4 14—*/, 
6 3—"/, 4 4 16—'/, 
5—'/s 6—'/2 3—*/, 3—/, 4--'/, 16—'/2 
13—*/, 
14—"/; 
14—'/, 
TABLE III.—Tasi_et HARDNESS MEASURED WITH STRONG CoBB AND MONSANTO TESTERS 
Weigt a Weight, 440-448 mg. Weight, 450-468 mg. a 
> oO o obb 
No. 214 No.2 | No. 214 
13 9g—'/, 11 6 1)—*/, 8 
10—*/, 5—'/, 14 12 13—"/- 7 
11—'/, 6 6—'/r 12 6—'/s 
10—?*/, 5—'/, 14 8—?*/, 10—"'/; 7—'/2 10—'/, 10—'/, 
10—*/, 6 8—'/; 11 6 13 5—'/s 
10—'/ 9 8 1I3—*/, 8—'/, 
10—*/, 6—'/e 15 7 11 7—"'/2 13—*/, 7—*/, 
li—'/, 5 12—'/, 9 12 6 12—"/ 7—*/, 
12—'/;, 8 12—'/, 9—'/, ll—'/, 7—'/2 7 8 
11—*/, 14 6—'/; 10—*/,  7—"/s 13 8—'/, 
4 10—"/, 7 9—'/s 
16—'/, 8 10—'"/,  7—"/s 12 
14—!/, 12 7 9—'/; 
12 7 11—'/, 
6—'/, 11—*/, 
9—"/s 12—'/; 
9 11 
8 
7—"/s 
7 
4 
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On the other hand, sodium bicarbonate tablets, 
10-grain, of uniform size and weight were re- 
markably uniform in hardness. Figure 1 shows 
that slight variation in size (0.210-0.212 in.) and 
weight (690-708 mg.) did not significantly modify 
tablet hardness. Eight other tablet formulations 
were found to fulfill the necessary experimental 
conditions. 


G18 

Z 16 
15 

< 


Fig. 1.—Tablets calcium carbonate, 10 grain. 
Strong Cobb Tester 


EXPERIMENTAL 


Tablets of all nine types were segregated into 
groups containing tablets of uniform thickness and 
weight. Hardness was determined with the Strong 
Cobb and Monsanto hardness testers on a number 
of tablets ‘rom each group. In some cases tablets 
were tested using more than one instrument of each 
type to obtain data on the variation between testers 
of the same type. Results are shown in detail in 
Table I. 


DISCUSSION 


The most significant finding of this experiment 
was the constant ratio of hardness results obtained 
from both types of hardness testers with various 


Screntiric Eprrion 
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tablet formulations. As the data in Tables I, II, 
and III illustrate, with uniformly hard tablets, the 
Strong Cobb tester will, on the average, yield 
results 1.6 times the value given by the Monsanto 
tester. It is also seen that a given instrument gives 
reproducible results and that multiple instruments of 
both types check each other quite closely. The 
hardness range of the Strong Cobb tester (0-30 
Kg.) is greater than that of the Monsanto tester 
(0-20 Kg.). However, the consistently lower read- 
ings obtained on the Monsanto instrument result 
in the usable hardness ranges being approximately 
the same. 

The two instruments do not accommodate 
tablets of the same dimensions; a '/:-in. tablet is 
the largest measurable on the Monsanto hardness 
tester while */,-in. is the largest tablet size accom- 
modated by the Strong Cobb hardness tester. 


SUMMARY 


1. Tablets of uniform characteristics must be 
used to correlate hardness testers. 

2. On the average, the Strong Cobb tester 
gives results 1.6 times those of the Monsanto 
hardness tester. 

3. Single instruments of either type will give 
reproducible results. 

4. Multiple instruments of both types check 
each other quite closely. 


REFERENCES 
(2) U. &. pat. 2,645,936 
2) U. S. pat. 2,041,869 


Sorbic Acid as a Fungistatic Agent for Certain 
Pharmaceutical Preparations* 


By D. D. PULS,+ L. F. LINDGREN,{ and F. P. COSGROVES$ 


A comparison of the fungistatic property of 
sorbic acid and benzoic acid was undertaken 
to determine their efficacy against common 
mold contaminants and as a preservative in 
certain pharmaceutical preparations that are 
susce bie to mold growth. Sorbic acid was 
found to be superior to benzoic acid as a 
fungistatic agent. 


T HAS BEEN SHOWN by Gooding (1) that certain 
of the a-8-unsaturated fatty acids are good 
fungistatic agents for foods. Sorbic acid (CH;— 


* Received August 28, 1954, from College of Pharmacy. 
University of Nebraska, Lincoln 

+ A senior student, College of Pharmacy, University of 
Nebraska, Lincoln 

t Instructor, Bacteriology Department, University of 
Nebraska, Lincoln 

§ Associate Professor, College of Pharmacy, University of 
Nebraska, Lincoln 


CH=CH—CH=CHCOOH)! is a particularly 
well suited substance for this purpose. Smith 
and Rollin (2) have found sorbic acid to be mark- 
edly superior to sodium benzoate as a fungistatic 
agent for cheese products which are very sus- 
ceptible to mold spoilage. 

Deuel, et al. (3), have also reported that sorbic 
acid is remarkably low in toxicity and is metabo- 
lized in exactly the same manner as the natu- 
rally occurring saturated fatty acid, caproic, both 
yielding carbon dioxide and water as end prod- 
ucts (4). 

Our study was undertaken to compare the 
fungistatic property of sorbic acid with that of 


1 Supplied by Carbon & Carbide Company, New York. 


fe 


JoURNAL OF THE AMBRICAN PHARMACEUTICAL ASSOCIATION 


benzoic acid against common mold contaminants 
and to determine the efficacy of sorbic acid as a 
preservative in certain pharmaceutical prepara- 
tions that are susceptible to mold growth. 


METHODS 


A Comparison of the Fungistatic Action of Sorbic 
Acid with That of Benzoic Acid.—-To compare the 
fungistatic property of sorbic acid with benzoic acid, 
percentage concentrations of 0.05, 0.075, 0.10, 0.20, 
and 0.40 of each drug were prepared and tested 
against Aspergillus miger,? and an unidentified 
Penicillium species F.P.C.,* using the agar-disk-plate 
method. All tests were performed in triplicate. 
Distilled water was used as a control 

Plates were prepared by distributing one loopful 
of spores in 5 ml. of nutrient broth, adding 0.5 ml. 
of the inoculated broth to 200 ml. of agar-malt 
extract,’ previously cooled to 45°, and then pouring 
approximately 15 ml. of this mixture into each petri 
dish. 

Paper disks, 12 mm. in diameter, were saturated 
with the test solutions, superimposed on the media, 
and the plates incubated for forty hours at 30°. 
Results expressed as zones of inhibition appear in 
Tzbles I and IT. 


Tasie I.—Zones OF INHIBITION OF ASPERGILLUS 


NIGER 
Zones of Inhibition 
in mm 
Percentage of Sorbic Benzoic 
Fungistatic Agent Acid Acid 

0.00 (no inhibition ) 
0.05 
0.075 
0.10 2¢ 
0.20 2," 6 
0.40 3¢ 


@ No inhibition 
+ Complete inhibition 
© Partial, or complete plus partial inhibition. 


TABLE II.—-Zones OF INHIBITION OF PENICILLIUM 
SPECIES 
in mm 
Percentage of Serbic Benzoic 

Fungistatic Agent Acid Acid 
0.00 (no inhibition ) 
0.05 4° 
0.075 iv e 
0.10 1¢ 
0.20 10,° 3 
0.40 6,5 & 


13,° 18° 
6 Complete inhibition. 

¢ Partial, or complete plus partial inhibition. 


Effectiveness of Sorbic Acid as a Pharmaceutical 
Preservative.—In order to determine the effective- 
ness of sorbic acid in preserving certain pharmaceu- 
tical preparations, varying amounts of the drug were 
incorporated into the following samples: 35.0% 


? Obtained from the Bacteriology Department, University 
of Nebraska, Lincoin 

41.5 per cent Difco malt extract broth and 2.0 per cent 
Difco Bacto Agar, Difco Laboratories, Incorporated, Detroit, 
Michigan. 
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acacia mucilage, 6.0% tragacanth mucilage, 1.0% 
guar gum‘ solution, and 26.0% sucrose solution. 
The preservatives were dissolved in distilled water 
with the aid of heat. All samples were prepared in 
triplicate, stored at 5, 25, and 37° for thirty days, 
and then tested for mold growth using the agar 
plate method. 

Official samples of acacia mucilage and tragacanth 
mucilage as well as controls without any preserva- 
tive were prepared and treated in the same manner. 

The preparations were observed once a day for 
the first seven days and then once a week for the 
remainder of the storage period. During the stor- 
age time, each container was open several times in 
order to subject the contents to possible contamina- 
tion from the atmosphere. 

All the samples were tested for mold count by the 
dilution method with the exception of the samples of 
tragacanth mucilage. Due to the viscous nature of 
the latter preparations, only surface streaks were 
made in order to determine the presence of mold 
growth. Results are given in Table III. 


DISCUSSION 


Because sorbic acid is soluble only to the extent 
of 1:500 at 20°, crystallization occurred in some of 
the samples. Since concentrations as low as 0.05% 
appear to preserve the samples tested, the factor 
of solubility does not appear to be a serious one. 

Most of the samples tested showed very little 
color change during the storage period. Samples 
of acacia cuvataining 0.2% sorbic acid and stored 
at 37° showed some discoloration. The other acacia 
samples compared favorably in color and odor with 
the official preparation. 

Melnick, et al. (5), state that sorbic acid may act 
as a fungistatic agent by interfering with the dehy- 
drogenase systems of various molds and recommend 
that reasonable care be taken during the preparation 
of any sample protected with this agent to avoid 
gross contamination. 


SUMMARY 


1. A study of the fungistatic property of 
sorbic acid is reported. 

2. Sorbic acid is superior to benzoic acid as a 
fungistatic agent against Aspergillus niger and 
an unidentified Penicillium species when tested 
by the agar-disk-plate method. 

3. Sorbic acid concentrations as low as 0.05 
per cent preserve 35.0 per cent acacia mucilage, 
6.0 per cent tragacanth mucilage, 1.0 per cent 
guar gum solution, and 26.0 per cent sucrose 
solution when stored at 5, 25, and 37° for 
thirty days. Species of Alternaria, Penicillium, 
Aspergillus, and Pseudo-yeast were identified in 
the controls and in some samples containing less 
than 0.05 per cent of preservative. 


4 Jaguar gum A-20-B, supplied by Stein, Hall & Co., New 
York, N. Y. 
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Tasie Errect or Sorsic ON THE Mo_p GrowTa IN CERTAIN PHARMACEUTICAL PREPARA- 
TIONS 


Percentage of ———- Average Number of Mold Colonies per ml. of Sample¢-———_—--_. 
Fungistatic Storage Acacia Tragacanth % lo 
Agent Condition Mucilage Mucilage > Guar Gum Solution Sucrose Solution 

Control 37° 4067 Growth*® 966 470 
0.20 Benzoic 33 No growth Not tested Not tested 
0.01 Sorbic Acid 19 Not tested 35 0 
0.05 Sorbie Acid 0 No growth 0 0 
0.10 Sorbie Acid 0 No growth 0 0 
0.20 Sorbie Acid 0 No growth 0 0 
Control 25° 533 Growth 5566 157 
0.20 Benzoic Acid 0 No growth Not tested _ Not tested 
0.01 Sorbie Acid 33 Not tested 8800 385 
0.05 Sorbie Acid 0 No growth 0 0 
0.10 Sorbic Acid 0 No growth 0 0 
0.20 Sorbie Acid 0 No growth 0 Ce 
Control 5° 133 Growth 3666 80 
0.20 Benzoic Acid 0 No growth Not tested Not tested 
0.01 Sorbie Acid 22 Not tested 66 0 
0.05 Sorbie Acid 0 No growth 0 0 
0.10 Sorbie Acid 0 No growth 0 Co 
0.20 Sorbie Acid ce No growth 


"a Identified as Allernaria sp., Penicillium sp., Aspergillus niger, ‘and Pseudo-yeast. 


6 Only surface streaks of samples were made 


¢ No growth in one of the three control samples stored at 37°. 


4 Sorbic acid crystallized. 


(1) Gooding, C. M., “Process of Inhibiting Molds,”’ U. S. 

pat. 2,379,204 
(2) Smith, D. P., and Rollin, N., Food Research, 19, 59 

(1954). 

(3) Dem't, H_ J., Jr., Calbert, C. E., Anisfeld, L., McKee- 
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Composition of the Volatile Oil from the Foliage and 
Terminal Branches of Western Juniper* 


By MICHAEL D. FAHEY and E. F. KURTH 


The volatile oil obtained by steam distillation of the foliage and terminal branches 
of western juniper in 1.8 per cent yield was found to contain a-pinene 10-12 per 
cent; a mixture of 8-phellandrene, dipentene, and p-cymene 10 per cent; sabinene 
¢ _ cent; terpinolene and a-terpinene 3-5 per cent; terpinen-4-ol 6-8 per cent; 


rneol, free and combined as 


rneol acetate, 22-25 per cent; cadinene 20-25 


per cent; acetic acid, free and combined as borneol acetate, 4—5 per cent; phenols 


N ANALYsIs of the volatile oil from the foliage 
and terminal branches of western juniper 
(Juniperus occidentalis, Hooker) was made by 
Lynn and Fischer on an oil which had been recti- 
fied by steam distillation from a three-year-old 
resinified sample (1). An analysis on a freshly 
collected sample of this oil gave a composition 
different frot.. that reported by Lynn and Fischer 
and distinctly different from the wood oil of this 
species (2). 

Comparison of the composition of the fresh 
oil sample used in this investigation with the 

* Received August 19, 1954, from the Department of 
Chemistry, Oregon State College, and The Oregon Forest 
Products Laboratory, Corvallis, Ore. 

A condensation of the thesis presented by Michael D. 
Fahey in partial fulfillment of the requirements for the 


Master of Science degree in Chemistry at Oregon State 
College, June, 1954. 


1.0 per cent; traces of aldehydes; and residue and losses 16-18 per cent. 


partially resinified sample analyzed by Lynn and 
Fischer showed that the fresh sample contained 
a-pinene, sabinene, terpinolene, terpinen-4-ol, 
dipentene, cadinene, 8-phellandrene, and pos- 
sibly y-terpinene in addition to the components 
reported present in the resinified oil. The pres- 
ence of camphene, which Lynn and Fischer 
thought to be present but were unab!+ to identify 
because of insufficient material, could not be 
confirmed. It appears that the fraction they 
believed to be camphene was actually sabinene. 


EXPERIMENTAL 
Material.—Fresh foliage samples for this study 


were obtained in January and May, 1953, in 
central Oregon between Sisters and Bend, where 
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there are nearly continuous stands of the western 
juniper. The samples consisted of terminal 
branches up to '/, in. in diameter, and the accom- 
panying foliage. To insure representative samples, 
the material was obtained from 40 trees, varying from 
saplings to trees 3 ft. in diameter. About 5—10 Ib. 
of material were cut from each tree with pruning 
shears. This was then comminuted in an ensilage 
cutter, thoroughly mixed, and placed in covered 
containers. 

Oil-Recovery.—Quantitative determination of 
the oil content was made by steam distillation of 
100-125 Gm. samples in a Clevenger apparatus for a 
period of sixteen to twenty-two hours. Shorter 
periods did not recover all of the oil and no notice- 
able increase in the oil content was observed 
for distillation periods beyond twenty-two hours. 
The oil yield for 16 determinations varied between 
1.53 and 2.72% and averaged 2.05% calculated on 
the oven-dry weight of the samples. The moisture 
content of the material at the time of distillation 
averaged 42.7%. 

For the isolation of a volume of oil suitable for 
analysis, batch distillations of the foilage were car- 
ried out in a still that had a capacity of 12-14 Ib. 
of fresh material. Steam was conducted into the 
base of the still and into a jacket surrounding the 
still pot. Pressure of the steam in the still could be 
regulated from 0 to 20 p.s,i. by adjustment of a 
valve in the condenser system. At atmospheric 
pressure the ratio of oil recovered to aqueous distil- 
late was 43 ml. oil and 20 L. water; at 8 p.s.i. steam 
pressure the ratio was 45 ml. oil to 16 L. water; 
and at 15 p.s.i. steam pressure the ratio was 46 ml. 
oil to 12 L. of water. A further increase in steam 
pressure caused the oil to darken and change odor. 
Therefore, the conditions adopted for recovery of the 
oil from the comminuted foliage were a steam distil- 
lation pressure of 14-16 p.s.i. and a distillation rate 
of 4 L. per hour for a total of three hours. About 
one quarter of the total oil yield was dispersed in the 
aqueous layer of the distillate and was recovered by 
extraction with petroleum ether. Foliage with a 
calculated dry weight of 133.2 Ib. gave 2.37 Ib. oil, or 
a yield of 1.8%. 

Properties of the Oil.—The oil mechanically 
separated from the distillate had a light yellow 
color, whereas the oil extracted with petroleum ether 
from the aqueous condensate was reddish brown. 
Both oil fractions had the same fragrant odor, typi- 
cal of the juniper foliage. Density, d?$, of the 
total oil was 0.9197, refractive index n%} was 
1.4783, and the specific rotation was [a]*% + 
23.68°. Acid number was 4.96. Saponification 
numbers before and after acetylation were 46.4 
and 80.4. Initial distilling temperature was ap- 
proximately 150°, with about one third of the oil dis- 
tillable below 180° without decomposition at atmos- 
pheric pressure. 

Aldehydes, Phenols, and Acids.—A 280-Gm. 
portion of the oil extracted with saturated neutral 
sodium sulfite solution gave 3.0 Gm. of alde- 
hydes, or a yield of about 1.0%. Basic extractions 
gave 2.3 Gm. phenols, 0.82%, and 1.6 Gm. free 
acids, 0.57%. Saponification of the oil by refluxing 
for two hours with alcoholic sodium hydroxide solu- 
tion gave 4.0°% total acids, calculated as acetic acid, 
and 1.0% total phenols. The presence of acetic 
acid was established by the isolation of potassium 
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acetate, m. p. 290° and the formation of the p- 
bromo-pHenacyl ester, m. p. 84-85°. The phenol 
fraction of the oil had a distilling range of 184- 
234°. 

a-Pinene.—The neutral portion of the saponified 
oil was fractionally distilled in a 36-in. Stedman 
column, equipped with a heating jacket and a con- 
stant-reflux-ratio head. The fractions distilling 
between 60 and 68° at 29 mm. Hg amounted to 10- 
12% of the total oil and indicated the presence of 
a-pinene. A nitrosochloride derivative prepared 
by Wallach’s method had 113-114° m. p. The 
nitrosochloride converted to the nitrolpiperidine 
had m. p. of 119°. Optical rotation measurements, 
[a]*3 +26.2-51°, indicated a mixture of d- and 
dl-e-pinene. Tests for fenchene and thujene gave 
negative results. 

Sabinene.—The fractions distilling between 68 
and 75° at 29 mm. Hg had a boiling range of 160- 
163° at atmospheric pressure, and amounted to 4% 
of the oil. Terpenes in this boiling range include 
camphene, 8-pinene, and sabinene. The fractions 
were purified by redistillation over metallic sodium. 
Evidence for the absence of camphene was provided 
when the oil would not crystallize when cooled to 
—10° nor form a hydrochloride derivative. Con- 
version to the oxidation product by Wallach’s pro- 
cedure (3) with potassium permanganate gave sab- 
inenic acid, m. p. 59° and neutralization equivalent 
187. It was concluded that only sabinene was 
present. 

8-Phellandrene.—Fractions of the oil distilling 
between 75 and 80° at 28 mm. Hg amounted to 10- 
12%. Compounds included in this boiling range 
are the terpinenes, phellandrenes, dipentene, A*- 
carene, and para-cymene. The absence of the ter- 
pinenes was indicated when no crystalline hydro- 
chloride could be formed. Tests for A*-carene 
through nitrosate and color reaction gave negative 
results. The presence of phellandrene was shown 
by the formation of a nitrosite derivative by Gapon- 
enkov’s procedure (4), m. p. 108-110° No adduct 
with maleic anhydride in ethyl ether could be iso- 
lated. This indicated the absence of a-phellan- 
drene. Bromination by the method of Baeyer (5) 
produced a crystalline bromide, m. p. 116—-118°. Lit. 
for m. p. of 8-phellandrene tetrabromide was 118- 
119°. 

Dipentene.—A fraction distilling between 78.5 and 
80° at 28 mm. Hg and 175-177° atmospheric pres- 
sure formed a crystalline acid with maleic anhydride 
when refluxed for one hour in benzene. After re- 
crystallization, the acid melted at 147°, which is the 
m. p. of the acid, CyHe»O, obtained by Hultzsch 
with dipentene and maleic anhydride /9). 

p-Cymene.—The above fraction also indicated 
the presence of p-cymene through the products ob- 
tained by alkaline permanganate oxidation accord- 
ing to Wallach’s procedure for terpenes (6). p-Hy- 
droxyisopropy! benzoic acid, m.p. 156—157°, neutra- 
lization equivalent 183, was isolated from the oxida- 
tion mixture. This was converted to p-isopropenyl 
benzoic acid by heating with dilute hydrochloric 
acid, m. p. 160-161°. 

Terpinolene and +-Terpinene.—The fractions 
distilling between 81 and 89° at 28 mm. Hg cor- 
responded to the properties of terpinolene and 
y-terpinene. Bromination by the method of Baeyer 
(5) produced terpinolene tetrabromide, m. p. 115- 
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116. Oxidation with alkaline permanganate (6) 
gave two neutral products. They were separated 
by differences in solubility in ethanol. The first 
product, which was quite soluble in ethanol, was 
recrystallized from ethyl acetate and melted at 148— 
149° with gas evolution. This is the m. p. of p- 
menthane 1, 2, 4, 8 tetrol, the corresponding oxida- 
tion product of terpinolene. The second product 
was sparingly soluble in ethanol and melted 239- 
240°. This is the m. p. of p-menthane 1, 2,4,5tetrol, 
the oxidation product of y-terpinene. The oil 
fractions amounted to 3-5% of the total oil. 

Terpinen-4-ol.—Fractions of the oil distilling 
between 85 and 90° at 9.4 mm. Hg indicated the 
presence of terpene alcohols. A fraction distilled at 
85.5-87°, 9.4 mm. Hg, was treated for the formation 
of nitrosochlorides. White crystals melting at 115- 
116° separated. This is the reported m. p. of ter- 
pinen-4-ol-nitrosochloride (7). It was converted to 
terpinen-4-ol-nitrolpiperidine, m. p.  171-173°. 
Ahout 6-8% of the oil was estimated to be terpinen- 
4-ol. 

Borneol.—The distillate reaching the head of the 
coluran solidified at around 88° at 9.4 mm. Hg. 
Therefore, the Stedman column ‘vas replaced with an 
8-in. insulated Vigreux column and the distillation 
completed at 1.2 mm. Hg. The crystalline solid 
was identified as borneol by formation of the phenyl 
urethane, m. p. 138°, formation of its 3,5-dinitro- 
benzoate, m. p. 155-156°, and its melting point 202- 
204°. The free and combined borneol content was 
estimated at 22-25%. 
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Cadinene.—About 25% of the oil distilled above 
70° at 1.0 mm. Hg and was in the boiling range of 
the sesquiterpenes and their alcohol derivatives. 
Tests for alcohols gave negative results. Treat- 
ment with a cold, saturated solution of hydrogen 
chloride in glacial acetic acid produced cadinene 
dihydrochloride, m. p. 116-117°. Dehydrogena- 
tion by Ruzicka’s procedure (8) with sulfur gave a 
30% yield of cadalene. This compound was identi- 
fied by the formation of its picrate, m. p. 114-115°. 

Residue and Losses.—Residue and _ losses 
amounted to 16-18%; about half was a dark, 
sticky mass, which was probably derived from 
some of the easily polymerized terpenes such as the 
phellandrenes. In addition to cadinene other ses- 
quiterpenes may be present in the high boiling 
fractions, but cedrene, which is a major component 
of the voiatile oil from the wood of western juniper, 
was not found preserit. 
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The volatile oil of lemongrass was found 
in the blade to occur in rows of cells located 
immediately below the bands of bulliform 
cells. In the sheath the rows of oil cells are 
embedded in the central part of the funda- 
mental parenchyma. Such celjs also occur 
in the joint triangles. No oil cells occur in 
the liguie, the auricles, or the culm. The 
oil cells, when freed of oil, are similar in 
appearance to some adjacent y 
can easily be distinguished by the effect of 

hloroglucin-hydrochloric acid on the walls. 

he detailed structure of the parts of the J~if 

is illustrated and described. 


I ORDER TO sTUDY the optimum conditions for 

growth and the production of volatile oil in 
lemongrass it was deemed necessary to ascertain 
the position of the oil in the leaf. The only work 
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The Microscopic Structure of Lemongrass Leaves* 


By SHAFIK I. BALBAA}{ and CARL H. JOHNSON 


referring to the location of the oil is that of Jones 
and Arrijiaga (1), who merely stated that it 
existed in oil glands and secretory cells in the 
leaf, without giving more details. Also, there 
is no reference in the literature to work on the 
microscopic structure of kmongrass or any 
related species, although other grasses of dis- 
similar appearance have been described (2-5). 
Hence this study of the structure of the leaf in 
relation to the oil-containing cells was made. 

The material used in the investigation was 
grown in the Medicinal Plant Garden of the 
College. The species was Cymbopogon flexuosus 
(Nees) Stapf, the source of the East Indian 
lemongrass oil of commerce, this identification 
being confirmed by Dr. Joseph R. Swallen, U. S. 
National Museum, Smithsonian Institution, 
Washington, D. C. The organs examined were 
the vegetative lower leaves as distinguished from 
those arising from the flowering culm produced 
late in the season. The material was either fresh 
or preserved in seventy per cent alcohol contain- 
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ing five per cent cf glycerin. The drawings were 
prepared with the aid of a camera lucida. 


GENERAL MORPHOLOGY 


In general appearance, the leaves of lemongrass 
are like those of other grasses that grow in large 
tufts. They are borne on culms in alternating ranks. 
Each leaf consists of two parts, the split sheath and 
the blade, connected at the blade joint (Fig. 1). 
The inner surface of the blade joint, or throat, is 
limited basally by a membranous appendage called 
the ligule. The region forming the back or outer 
surface of the blade joint is the collar and is com- 
posed of two somewhat thickened triangular areas, 
called joint triangles, that differ in color and texture 
from the surrounding tissue. Projecting from the 
sheath margin below the blade joint are two ap- 
pendages known as the auricles. 

The blades are linear-lanceolate, tapering toward 
the apex and often ending in a long fine point 
Toward the base, the blade narrows somewhat 
to the sheath. The length and width of the blades 
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vary greatly, being as much as 130 cm. long and 3.5 
em. wide. The leaf is thin and somewhat rough to 
the touch due to the presence of spines on both sur- 
faces. The margin of the blade appears very finely 
serrate from teeth formed by stiff ascending bristles. 
On the upper surface of the blade in its lower part, 
seattered long silky hairs are visible. 

The sheath may be up to 50 cm. long and 8 cm. 
broad. Like the lamina, it contains many parallel 
veins, which are largest in the thicker center, gradu- 
ally becoming smaller toward the edges. There 
is no midrib except at the top, where the midrib 
of the blade extends downward. The sheath is ir- 
serted in the tissue of the node (Fig. 1D), forming 
an even line around the culm, with the overlapping 
edge of the sheath projecting slightly down the 
stalk. The region immediately above the line of 
insertion is called the sheath base. 

The ligule (Fig. 18), when young, is translucent 
and hyaline, with the free upper margin entire and 
slightly wavy laver, it becomes dry and may appear 
irregularly incaswd, especially at the middle. The 
average height of the ligule is 3 mm. The two ends 


Fig. 1.—Base of shoot, blade joint, and adjacent parts. A. Blade joint of a detached leaf. B. Inner 
surface of opened blade joint. C. Outer surface of opened blade joint. D. Part of culm with leaf bases. 
E. Cross section of shoot. F. Outer epidermis of ligule. G. Cross section of ligule. H. Cross section of 
auricle. a, auricle; a.t, adnate trichome; 5, bud; 5/, blade; cu, culm; i, internode; #.e, inner epidermis; 
jt, joint triangle; /i, ligule; m, midrib; m, node; o.e, outer epidermis; p, parenchyma; s, sheath; s.), 
sheath base; s./, silky hair; s.m, sheath margin; v, vein; v.b, vascular bundle. 


A-C, X1.1. D, X12. E, X3.2. F-H, X190. 
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normally terminate at the edge of the leaf where the 
auricles arise. 

The auricles (Fig. 14, B, C) form more or less 
oblong structures which are translucent and asym- 
metrical. Each leaf sheath has two of them over- 
lapping, of which the outer is smaller and shorter 
than the inner. Their tips project prominently 
above the upper margin of the joint triangles. 

The culm, which arises from a short oblique annu- 
late rhizome, varies greatly in size depending on its 
stage of development. It is short and inconspicuous 
during the early part of the season, being enclosed 
by the lower part of the leaf sheaths. Later, it 
elongates rapidly, and may end in an inflorescence 
if conditions are favorable. Above each node and 
covered by the sheath base is a bud which appears 
as a conchate appressed structure sunken in the 
culm (Fig. 1D). Generally, the length and thick- 
ness of the internodes decrease from the middle part 
of the culm acropetally and basipetally. 


Fig. 2.—Diagrammatic cross sections of the blade. 


including midrib. C. Basal region. 


D. Blade joint and ligule. 


SCIENTIFIC EDITION 


HISTOLOGY 


The tissues of the blade are continuous with those 
of the sheath and in general show a similar struc- 
ture. The differences are consistent with the chief 
role of the blade as an organ of photosynthesis. 

The Vascular Bundles.—-The parallel vascular 
bundles in the leaf blade are of three orders or ranks: 
Large rhomboidal, medium large oval, and small 
round bundles. In the cross section of the leaf 
(Fig. 2), they appear as a row of isolated units ex- 
tending from margin to margin. Usually groups 
of one to four small bundles alternate with the large 
or medium large bundles. The small bundles, and 
usually the medium bundles, lie closer to the lower 
epidermis, whereas the large bundles extend to the 
upper epidermis. In the region of the midrib, how- 
ever, a thick, triangular or crescent-shaped layer of 
colorless parenchyma is interposed between the 
bundles and the upper epidermis, pressing the vascu- 


A. Upper third, including midrib. B. Middle part, 
at, adnate trichome; 6.c, bulliform cell; 


co, collenchyma; ¢.p, chlorophyll-bearing parenchyma; f, fibers; li, ligule; /.c, lower epidermis; 0.c, oil 
cell; p, parenchyma; ¢, trichomes; u.e, upper epidermis; v.b, large vascular bundle; v.b’, medium large 


vascular bundle; v.b”, small vascular bundle. 
A, B, and D, X48. C, X21. 


i. 
oc 
be 
<? 
t 
4 
— 
. 
0 


92 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


lar tissue downward. In this region, the paren- 
chyma underlying the upper epidermis is reinforced 
by groups of sclerenchymatous fibers opposite the 
large bundles. 

In the sheath (Fig. 3) a cross section through the 
central part shows vascular bundles in the funda- 
mental parenchyma, but lying closest to the outer 
epidermis; bundles of two different orders alternate 
with each other here, the large rhomboidal and the 
medium large oval bundles. The base of the sheath 
has more bundles which are arranged in more or less 
definite tangentiai bands, with each band containing 
bundles of a single magnitude, the ones closest 
to the inner epidermis being the largest and most 
widely spaced. The upper end of the sheath be- 
comes narrower and thicker before it merges into 
the blade, thereby crowding the vascular bundles 
together. 

In the auricles (Fig. 1/7) are two or three layers 
of parenchymatous cells longitudinally traversed by 
numerous vascular bundles lying closer to the outer 
surface and infrequently connected transversely. 


. A ie 


p Le 


Fig. 3.—Diagrammatic cross sections of the 
sheath. A. Margin of sheath. 3B. Middle of 
sheath. C. Immediately above sheath base. D. 
Sheath base showing air cavities. E. Sheath base 
where it joins culm. a.c, air cavity; f, fibers; i.e, 
inner epidermis; j7, sclerenchyma jacket; o.c, oil 
cell; o.e, outer epidermis; p, parenchyma; /, tri- 
chomes; v.b, large vascular bundle; v.b’, medium 
large vascular bundle. 

A, X54. B-E, X24. 
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There is little or no vascular tissue in the ligule. 

In the culm the veins follow a longitudinal course 
except in the nodes where many branch or bend 
abruptly toward the periphery. The bundles (Fig. 
4) are not arranged in a simple ring, but lie scattered, 
except in the center, leaving the section with a cen- 
tral pith. The number of bundles increases toward 
the periphery, whereas their size gradually de- 
creases. 

In general, all the veins ( Figs. 4-7) are structurally 
similar. The phloem forms an oval to kidney 
shaped mass of tissue with the convex side toward 
the xylem arc, It consists of sieve tubes and com- 
panion cells. The protophloem lies in a narrow 
band nearest to the lower side of the leaf; sometimes 
its cells show somewhat swollen and disorganized 
walls. 

The xylem consists of protoxylem, metaxylem, 
and accompanying parenchyma. The protoxylem 
is made up of annular and spiral vessels which may 
appear in the larger veins as a protoxylem lacuna 
containing remnants of the ruptured elements. 
The metaxylem of the large bundles consists usually 
of two large vessels; sometimes when there are 
three, two lie at one side of the bundle and the third 
at the other side. The tissue between the large 
vessels is composed of a band of small pitted and 
reticulate elements most of which are narrow vessels 
having the perforations on oblique end walls. In 
the medium large and small bundles there are only 
a few relatively large pitted vessels. 

In the culm (Fig. 4) the tissue between the two 
large vessels is composed of lignified parenchyma 
interspersed with narrow reticulate and pitted 
vessels. Also, some of the large vessels are sur- 
rounded by tangentially flattened lignified paren- 
chyma cells. 

The large and medium large bundles of the blade 
and sheath (Figs. 5 and 6) are embedded in a 
schlerenchymatous jacket which is incomplete in the 
medium large bundles where it frequently surrounds 
the phloem only and not the xylem. In the base 
of the sheath (Fig. 7) the sclerenchymatous jackets 
enclosing the bundles are better developed and 
thicker, especially toward the outer surface of the 
sheath. 

The large vascular bundles of the blade and sheath 
with their sclerenchymatous jackets are surrounded 
by an additional conspicuous inner sheath (Figs. 
5-7) of a single layer of thinner-walled lignified 
cells. Where the bundle is joined to the epidermis 
by a sclerenchyma band, the inner sheath becomes 
continuous with the band. In the medium large 
bundles, the inner sclerenchymatous sheath partially 
surrounds the phloem but not the xylem, while it is 
absent in the small bundles of the third order. 

Outside this inner sclerenchymatous sheath is the 
outer sheath (Fig. 5) of thin-walled parenchyma. 
These parenchymatous cells are usually rounded or 
oval and are more easily recognizable around the 
small and medium large bundles of the blade. They 
are radially elongated and more or less irregular in 
the large bundies. In longitudinal section, these 
cells are easily distinguishable by being elongated 
in the direction of the long axis of the leaf. The 
cells of this outer sheath contain chloroplasts which 
are usually larger and less crowded than those of the 
surrounding chlorophyll-bearing parenchyma. The 
outer sheath around the larger bundles is interrupted 
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Fig. 4.—Structure of the culm. A. Cross section 
in peripheral part. 3B. Diagram of cross section of 
internode. C. Cross section of a central vascular 
bundle. D. Surface view of epidermis. co, cortex- 
like tissue; ¢, epidermis; f, fibers; hy, hypodermis; 
i, protoxylem lacuna; /.c, long cell; p, parenchyma; 
ph, phloem; ph’, protophloem; pi, pith; r.v, remains 
of vessel; si.c, silica cell; s.c, suberized short cell; 
st, stoma; v, metaxylem vessel; v.b, vascular bundle. 

A, Cand D, X160. B, X16. 


where they are joined to the epidermis by a scleren- . 


chymatous band. 

The Mechanical Tissue.—The blade and the 
sheath have a considerable amount of mechanical 
tissue (Figs. 2, 3) arranged in bands running the 
whole length of the leaf. They may be joined 
laterally to form very broad zones. The usual 
position of these bands is just within the epidermis 
above or below the large and medium vascular 
bundles and at the margin of the blade. In the 
larger bundles, the bands are continuous with the 
inner sclerenchymatous sheaths, and thus form gird- 
ers to the bundles, joining these to each epidermis. 
The other vascular bundles are frequently joined to 
the lower epidermis only, with the upper bands 
separate from the bundle 

The fibers making up this tissue are either short or 
very long. They appear polygonal in cross section 
with varying diameters. They usually have ligni- 
fied, thick pitted walls and narrow lumens, and end 
in a narrow acute tip. 

The Parenchyma.—The chlorophyll tissue (Fig. 5) 
appears in transverse section as a mass of more or 
less isodiametric cells with small intercellular spaces. 
This tissue nearly fills the area between the vascular 
bundles of the blade. The cells contain chloroplasts 
that are usually smaller and denser than in the case 
of the outer bundle sheath. Between the chloro- 
phyll-bearing cells and the bulliform epidermal cells 
described later, other parenchymatous cells occur 
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that appear rounded or oval in cross section and 
are elongated in the direction of the long axis of the 
leaf. 

The fundamental parenchyma cells of the leaf 
sheath (Fig. 6) have fewer chloroplasts than in the 
case of the blade. In the lower end, the paren- 
chymatous cells near the inner epidermis are tangen- 
tially elongated and compressed; some show par- 
tial disintegration with the formation of tangentially 
elongated air cavities (Fig. 3). Occasional prismatic 
calcium oxalate crystals are found in the parenchyma 
cells of the sheath base. 

In the ligule (Fig. 1G) the interior is made up en- 
tirely of 6 to 7 layers of parenchymatous cells which 
are rounded and comparatively thick-walled, espe- 
cially near the inner epidermis. They are largest 
in the central portion of the ligule. 

Next to the epidermis of the culm (Fig. 4A) are 
one to six rows of hypodermal cells with lignified 
thick walls. In longitudinal section they are long 
and sclerenchymatous. The continuity of this 
sclerenchymatous mantle, however, is broken by 
the occasional interruption of parenchymatous cells 
extending externally to a stoma. 

The outer region of the parenchyma lying next 
to this hypodermis is composed of a few rows of 
thin-walled cells forming a narrow cortex-like tissue 
containing few chloroplasts. There is a gradual 
transition from this area to the cells which form the 
filler between the peripheral bundles. The paren- 
chyma cells are progressively larger and become 
lignified toward the center of the culm. In cross 
section the cells are rounded or elliptical, whereas 
vertically they are somewhat elongated. 

The Oil Cells.—Frequently the parenchymatous 
cells of the blade are replaced by the similar oil 
cells (Fig. 5) that form rows parallel to the long 
axis and between the vascular bundles. In the thin 
parts of the blade, the oil cells commonly lie be- 
neath the bulliform epidermal cells and are sur- 
rounded on the other sides by chlorophyll-bearing 
parenchyma tissue. The rows of oil cells are usually 
long but occasionally are very short or infrequently 
a single isolated cell occurs. 

In the cross section, they usually occur singly 
and occasionally in small groups of two to five, with 
the common walls between the cells usually flat- 
tened. The adjoining oil cells may be of different 
sizes. They are usually rounded or somewhat oval 
in shape, but in longitudinal sections they appear 
more or less rectangular, joining each other at their 
narrow ends. 

The oil cells have thin suberized walls. They can 
be easily distinguished when free of volatile oil in 
sections mounted in phloroglucin and hydrochloric 
acid since the walls acquire a slight reddish yellow 
color and show high refraction. In the mature 
fresh leaves these cells are completely filled with a 
light yellow volatile oil. In the old or dry leaves 
where the oil resinifies, lumps of reddish-yellow resin 
occupy a part of the cell cavity. In young leaves 
some oil cells are filled with small oil droplets re- 
sembling an emulsion and are accompanied by 
fragments of protoplasm whereas in the same sec- 
tions other oil cells are entirely filled with volatile 
oil. These observations seem to conform with the 
view of A. Leemann (6) on the formation of volatile 
oil in secretory cells. 

Cross sections from the middle of the blade showed 
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Fig. 5.—Structure of the blade. A. Cross section of basal part, including margin. 3B. Cross section 
ee midway its length. C. Cross section of upper part. D. Cross section midway its length, showing a large 
ee vein. EE. Longitudinal section midway its length. 6.c, bulliform epidermal cell; 6r, bristle; c.p, chloro- 


oy phyll-bearing parenchyma; f/f, fibers; j, sclerenchyma jacket; /, protoxylem lacuna; /.e, lower epidermis; 
0.c, oil cell; o.s, outer sheath; p, parenchyma; ph, phloem; ph’, protophloem; r.o.c, row of oil cells; r.v, 
remains of vessel; s.s, sclerenchyma sheath; st, stoma; u.e, upper epidermis; v, vessel. 


All, X210. 


98 to 160 oil cells averaging 24.5 microns in diameter. 
“a In the lower part of the blade were 41 to 96 such 
a cells of a similar size in each section. In the upper 
part were 94 to 120 slightly smaller oil cells. In 
length the oil cells ranged between 56 and 147 


microns 
ab The oil cells of the sheath (Figs. 6 and 7) are em- 
a bedded in the central part of the fundamental paren- 
1 chyma and form rows parallel to the long axis of the 
ry) sheath. These oil cells are similar to those of the 
. +, ig blade but are larger, averaging 65 microns in diam- 
ae eter and ranging from 88 to 455 microns in length. 
ie The oil cells may be of the same diameter as the 
; bd surrounding parenchyma cells, but are always longer. 
et A cross section of the sheath shows 43 to 98 oil cells, 
% arranged singly or in small groups of two to five 
xi cells. They either are filled with a yellowish volatile 
< oil or show it in small droplets. Protoplasmic re- 


|e mains can be detected in some of the oil cells. 

es The oil cells of the joint triangle are smaller in 
size and are embedded singly or in small groups in 
the parenchyma, usually closer to the outer side 
Oil cells are absent in the tissues of the auricle, 
ligule, and culm 


General Features of the Epidermis.—The epi- 
dermis of the leaf (Fig. 8) has a structure like that 
of the grasses in general, and shows a design of alter- 
nating bands related to the tissues underlying it. 
The epidermis includes, among others, three related 
types of cells: (1) the long cells, (2) the suberized 
short cells, and (3) the silica cells. In addition there 
are the bulliform cells of the upper epidermis 
Hairs and other emergences as well as typical 
monocotyledonous stomata are of frequent occurrence 
in the epidermal layers. 

The long cells are rectangular although their ends 
are sometimes pointed or concave. In surface 
preparations stained with chlorozinciodide, the walls 
of the long cells acquire a bright blue color and have 
an undulate strongly silicified middle lamella which 
appears as a white wavy line. The outer periclinal 
walls are thick, silicified and suberized, and possess 
a more or less strongly developed cuticle. The 
inner and lateral walls have pits, which are wanting 
in the outer walls. In young tissue some of the long 
cells show peculiar circular pits in the anticlinal 
walls. Pee-Laby (4) stated that such pits affect the 
development of the undulations of the walls. These 
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circular pits remain unchanged during the growth 
of the walls and the sinuosity becomes more and 
more conspicuous while the organ is developing. 

The long cells vary in size, measuring in the 
intercostal region of the blade up to 63 yw long, 17 u 
wide, and 14 uw high. Over the veins the long cells 
measure up to 224 uz long, 11 w wide, and 1ly high. 
In the sheath the dimensions of these cells are of 
the same order. 

The short cells typically occur in pairs between 
the long cells. One member of the pair stains a 
golden yellow color with chlorozinciodide and is the 
suberized short cell. The other member appears 
glistening white and is the silica cell. Often, instead 


Fig. 6.—Structure of the sheath. A. 


large vein. 


Middle part with a large vein. 
C. Longitudinal section with oil cells. 
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of two short cells constituting a group, a larger 
number is found; contrariwise, sometimes only a 
single suberized short cell is present between two 
long cells. 

The suberized short cells have relatively thin 
refractive walls which are also somewhat silicified. 
They take a red stain when treated with Sudan III 
reagent. The cell cavities are large and usually 
contain a deposit of some organic substance. The 
cells usually are rectangular, especially when lying 
over the veins; however, they are sometimes broadly 
reniform or even triangular. The suberized short 
cell of a pair always lies at the apical end of the silica 


B. Middle part with a medium 
c, cuticle; ¢.p, chlorophyll-bearing parenchyma; /, 


fibers; i.¢, inner epidermis; j, sclerenchyma jacket; /, protoxylem lacuna; 0.c, oil cell; 0.e, outer epidermis; 
o.s, outer sheath; p, parenchyma; ph, phloem; s.s, sclerenchyma sheath; ¢, trichome; v, vessel. 


All, X 180 
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The suberized short cells in the intercostal region 
measure up to 11 long, 14 wide, and 11 high. 
Over the veins they are up to 17 « long, 11 « wide, and 
ll whigh. In the sheath they are not as high. 

The silica cells are more uniform. They are 
usually rectangular and parallel to the leaf axis; 
occasionally they are oval or rounded, or even 
broader than long. In surface view they usually 
appear somewhat constricted in the middle. Silica 
cells do not occur in the lower epidermis of the 
blade. 

Several types of trichomes occur, all nonglandular. 
The first (Figs. 8 and 9B) consists of the two- 


Fig. 7.—Structure of the sheath base. c, cuticle; 
cr, erystal of calcium oxalate; f, fibers; i.e, inner 
epidermis; /, protoxylem lacuna; m.x, metaxylem; 
o.c, oil cell; 0.e, outer epidermis; », parenchyma; 
ph, phloem; s.s, sclerenchyma sheath; ¢, trichome; 
v, metaxylem vessel. 

125. 
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celled, appressed uniseriate hairs. Each is more or 
less cylindrical, with a small circular base and a 
blunt tip. It has a thin wall and a wide lumen. 
Of the two cells constituting the hair the basal one is 
usually somewhat longer. These are commonly 
found among the cells bordering the bands of sto- 
mata and sometimes are scattered among the sto- 
matal rows. They usually occur in the blade and 
the sheath. 

The second type (Figs. 8 and 98) consists of 
usually short, unicellular, thick-walled hairs with 
pointed tips. These vary in length, and may have 
the form of spines or bristles, especially over the 
veins and along the margins. These hairs and 
spines are tisually pointed toward the upper end of 
the leaf. 

A third type (Fig. 9C) is made up of long, cylin- 
drical, unicellular lignified hairs. These have thick 
walls, narrow lumens, and pointed tips. They are 
quite abundant on the triangles and predominate on 
the sheath. Many of them on the ligule (Fig. 1F) 
are partially adnate to the epidermis but have free 
tips. 

Still another type (Fig. 8£) occurs in the lower 
part of the blade and consists of relatively large, 
long, soft, silky unicellular hairs scattered here and 
there in the zone of the bulliform cells. The cells 
around the base of each hair are concentrically ar- 
ranged and have thicker walls than the neighboring 
cells. These hairs have an average length of about 
5 mm. and are usually straight or slightly curved 
They are cylindrical, tapering toward an acute solid 
tip. The hair has a fairly thick wall and a wide 
lumen. 

Bulliform cells, in surface view (Fig. 8, A, £), 
are more or less quadrangular, hexagonal, or pentago- 
nal, or sometimes almost square in shape. In the 
cross section (Fig. 5) they differ from the ordinary 
epidermal cells chiefly in their greater depth. They 
are usually narrower at their outer than at their 
inner end, where they touch the chlorophyll-bearing 
parenchyma. They measure up to 115 uw long, 59 
pw wide, and 87y high. The anticlinal walls are 
fairly thin and slightly wavy. Both tangential 
walls of these cells are thin and usually convex in 
curvature. The outer walls are covered by cuticle. 

Stomata (Figs. 4D, 8, and 9) are typically mono- 
cotyledonous and phaneroporous. The subsidiary 
cells are much larger than the guard cells. The pore 
of the stoma is elongated and lozenge-shaped, its 
iateral walls being straight and parallel or sometimes 
gently curved. In the lamina the stoma is up to 
21 w long and 10 w broad. In the sheath the maxi- 
mum dimensions are 32 X 21 u, whereas in the culm 
the values are 28 and 11. 

The Lower Epidermis.—In the surface view (Fig. 
8B) of the lower epidermis of the blade the most con- 
spicuous*groups of cells are the intercostal bands 
containingfstomata. These strips are usually two 
to five rows€wide and each row consists of long 
cells alternating with stomata. At times, the 
stomatal rows are separated from one another by a 
row of alternating long and short cells. 

The stomatal bands are flanked by strips of long 
narrow cells that lie above the sclerenchymatous 
bands. The narrowest strips are made up of a few 
rows containing long cells alternating with suber- 
ized short cells. The middle row of a broader band, 
and sometimes two adjacent rows, is made up en- 
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tirely or partly of suberized short cells. Silica cells 
are absent. 

In cross sections these lower epidermal cells are 
narrower and shorter than those in the intercostal 
zones. They have thicker, nonlignified pitted walls. 

The Upper Epidermis.—Except for the added 
presence of bulliform cells and silica cells, the cells 
making up the upper epidermis of the leaf blade 
(Fig. 8, A, C) are the same as those found in the 
lower epidermis though in different proportions. 
The bulliform cells are easily the most outstanding 
feature of the upper epidermis. Depending on the 
relative size of the veins and their spacing, the bands 
of bulliform cell rows are wide or narrow, crowded 
or far apart. 

The tissue between two bands of bulliform cells 
lies over a band of sclerenchyma of the large or 
medium large bundles. It is composed of a few 
rows of long ceils alternating with suberized short 
cells and silica cells. Rarely, short spines are found 
arising in the middle row, which may be made up 
partly of short cells. 

At each side of a band lying over a vein, there is 
a marginal zone one to five cells wide formed of long 
cells alternating with silica or suberized short cells, 
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single or in pairs. These have more undulate walls 
and are broader, especially toward the band of bulli- 
form cells. The cells nearest the bulliform cells 
usually show projections from the wall into the cell 
cavity. Occasionally bicellular hairs of the type 
found in the lower epidermis occur in this zone 
Stomata may be present in a continuous or inter- 
rupted row in the marginal zone, especially along the 
large veins. 

Other Epidermis.—The outer epidermis of the 
sheath (Fig. 9) differs from the corresponding part 
of the lamina in having fewer stomata. The inter- 
costal band consists of regular long cells alternating 
with one or two silica or suberized short cells. Some 
of the short cells are replaced by trichomes. The 
epidermis overlying a vein consists of narrower cells 
and has no trichomes. This area is separated 
from an intercostal band by a single row of stomata 
and long cells. 

The inner epidermis of the sheath consists of large 
and uniformly rectangular cells with no short cells. 
Trichomes are absent but a few stomata are pres- 
ent. 

The epidermal layers of the auricles are con- 
tinuous with those of the sheath and appear similar. 


Fig. 8.—Epidermis of the blade. A. Upper epidern)is from middle part. 3B. Lower epidermis from 
middle part. C. Upper epidermis from middle part in midrib region. D. Lower epidermis from upper part 
showing the margin. E. Upper epidermis from basal part showing buse of a silky hair. F. Lower epider- 
mis of blade joint. G. Tip of blade showing lower epidermis. *.<, oulliform cell; br, bristle; l.c, long cell; 
pi, pit; pr. projection; s.c, short suberized cell; st, stoma; ¢t, trichome; v, vein region. 

All, X210. 
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Bundles in cross sections 
Suberized and long cells 
Silica cells 


Trichomes 


Stomata 
Oil cells 


Number of oil cells in a 


TABLE I.——DISTRIBUTION 0 


FE 


LEMENTS IN THE LEMONGRASS LEAF 


Blade 


Sheath 


In one row near lower In several rows near 


epidermis 
In both surfaces 


In upper epidermis 
only 
On both surfaces 


Fewer in upper epi- 
dermis 

Directly under the 
bulliform cells 

98-160 


the base 

In outer epidermis 
only 

In outer epidermis 
only 

On outer epidermis 
only 


Fewer than in blade 
In middle of paren- 


chyma 
43-98 


Culm 


Scattered 


Present 
Present 


None 


Present 


None 
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Joint 

None in ligule. 
ent in auricles 

None in ligule or inner 
epidermis of auricles 

None in ligule or inner 
epidermis of auricles 

On outer epidermis 
only of ligule and 
auricles 

None in ligule. 
ent in auricles 

None in ligule or auri- 
cles 


Pres- 


central x-section 


Fig. 9.—Epidermis of the sheath. A. Outer 
epidermis over a large vein. 8. Outer epidermis 
over an interccstal region. C. Outer epidermis of 
sheath base. D. Inner epidermis. E. Outer 
epidermis at margin. l.c, long cell; pi, pit; si.c, 
silica cell; s.c, suberized short cell; st, stoma; {, 
trichome. 

All, 


The epidermal cells of the ligule (Fig. 1 F) are rec- 
tangular in surface view. Stomata are absent. 
The outer epidermis is covered with long partially 
adnate trichomes, whereas the inner or adaxial sur- 
face is glabrous. 


The epidermis of the culm (Fig. 4D) is remark- 
ably uniform in appearance, being made up of nar- 
rowed long and short cells whose walls are straighter 
than elsewhere in the leaf. The stomata are nar- 
rower also. 


SUMMARY 


The structure of the lemongrass leaf in its 
various parts is described. The volatile oil 
occurs internally in rows of parenchymatous cells, 
slightly but distinctly different from adjacent 
The lower part of the blade has fewer oil 


cells. 
cells than the remainder of the leaf. The sheath 
also has fewer oil cells but they are larger, 
averaging 65 microns in diameter as against 24.5 
microns. 

Table I compares the distribution of certain 
elements in different parts of the leaf. 
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2-Nitro-2-methylpropyl Carbamate* 


By DONALD KROOK and C. E. MILLERt 


2-Nitro-2-methylpropyl carbamate has been 

prepared by the reaction between 2-nitro- 

2-methylpropanol-1 and liquid phosgene 

followed by amination with concentrated 

ammonium hydroxide. This new carbamate 

has been characterized by the formation of 
certain derivatives. 


T= DRUG URETHAN (1) has been used in the 
treatment of human leukemia and has in- 
hibited the growth of some animal tumors. A 
large number of urethans have been prepared 
and tested (2, 3). A survey of the literature, 
however, failed to disclose the existence of any 
nitroalkyl carbamates. 

Our interest in the introduction of a nitro group 
in the urethan nucleus centered about a project 
under way in which new derivatives of the drug 
urethan and its homolog are being prepared 
for screening as antileukemic agents. The pur- 
pose of this paper is to present our method of 
preparation of the hitherto unknown 2-nitro-2- 
methylpropyl carbamate. A typical run is de- 
scribed. 


EXPERIMENTAL 


Carboalkoxylation.—The reactor used in this work 
was a 1,000-cc. three-necked flask fitted with a 
jacketed gas inlet tube, mechanical stirrer, and a 
reflux condenser. The flask was immersed in an 
ice bath and 63 Gm. (0.63 mole) of liquid phosgene 
was transferred to the reactor from a cylinder of 
phosgene. The phosgene was diluted with 100 cc. 
of ether, and 69 Gm. (0.58 mole) of 2-nitro-2-methyl- 
propanol-1 dissolved in 100 cc. of ether was added 
to the phosgene solution over a period of one hour. 
Stirring was continued for six hours and the reaction 
mixture was allowed to warm to room temperature 
and left overnight. 

Amination.—The ethereal solution of 2-nitro- 
2-methy!propyloxy-carbonyl chloride was added 
slowly with stirring to an excess of concentrated 
ammonium hydroxide while maintaining the tem- 
perature at from 5 to 10° by an ice bath. After 
all of the chloroformate had been added to the am- 
monia solution a stream of gaseous ammonia was 


* Received August 2, 1954, from the School of Pharmacy, 
North Dakota Agricultural ‘College, Fargo. 
Acknowledgment is given to the North Dakota Cancer 
Society for financial assistance which made —_ work possible. 
Presented to the Scientific Section A. Pu. A. Boston meet- 
i August, 1954. 
tc Chairman, of Pharmaceutical Chemistry, 


School of Pharmacy, N. D. A. C., Fargo, N. Dak. 


bubbled through the reaction mixture until an 
excess of ammonia was present. The ethereal solu- 
tion was separated in the usual manner and upon 
evaporation gave 58 Gm. (62% yield) of colorless 
erystals, insoluble in water, soluble in chloroform 
and ether. A sample recrystallized from chloroform 
for analytical use melted at 77-79°. 

Anal.—Caled. for C, 37.08; H, 6.15; 
N, 17.15. Found: C, 37.04; H, 6.19; N, 17.12 
(Dumas). 

The 2-nitro-2-methylpropyl carbamate was fur- 
ther characterized by the preparation of certain 
derivatives following the method of Sawicki (4). 

Di-(2-nitro-2-methylpropyl )- propylidenedicarba- 
mate.—A drop of concentrated hydrochloric acid 
was added to a solution of 1.62 Gm. of 2-nitro-2- 
methylpropyl carbamate in 2 cc. of dimethylform- 
amide and 1.00 Gm. of propionaldehyde. The mix- 
ture solidified upon standing. Recrystallization from 
dioxane-water gave colorless crystals melting at 
189-190°. 

Anal.—Calcd. for CisHayN,Os: N, 15.38. Found: 
N, 15.45 (Dumas). 

Di-(2-nitro-2-methylpropyl )- butylidenedicarba- 
mate.—This compound was prepared by the same 
procedure used for the propionaldehyde derivative 
except that m-butyraldehyde was used. Recrystal- 
lization from dioxane-water gave colorless crystals, 
m. p. 155-157°. 

Anal.—Calcd. for 
N, 14.64 (Dumas). 

Determination.—LD values for 2-nitro- 
2-methylpropyl carbamate were determined on week- 
old chicks. Administered subcutaneously in pro- 
pylene glycol the LDsp was found to be 1,175 mg./Kg. 
with limits of error of 96-104% (5). 


N, 14.81. Found: 


SUMMARY 


1. Thenitroalkylcarbamate, 2-nitro-2-methyl- 
propyl carbamate, has been prepared by the 
reaction between the corresponding chloroformate 
and ammonium hydroxide. 

2. Several alkyl derivatives of the nitrocar- 
bamate have been prepared. 

3. The LDs values of the nitroalkyl carba- 
mate have been determined. 
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Further Studies on Texas Plantago Seeds* 


By MARTHA JANE JONES} and C. CLARENCE ALBERS{ 


A comparative study was made of the seeds of the official Plantago ovata Forskal, 
the homegrown variety of Plantago ovata, and three Texas Plantago species: Plan- 
tago Helleri Small, Plantago inflexa Morris, and Plantago rhodosperma Decne. 

The investigation was carried out by making morphological and histological 
comparisons of the seeds and quantitative and qualitative comparisons of the muci- 


lage content. 


It was found that the mucilage content of each of the Texas species is 


slightly less than that of Plantago ovata Forskal. However, the abundant occurrence 
and ease of cultivating and harvesting of the Texas species make them an excellent 
potential commercial crop. The homegrown variety of P. ovata was found to yield 
a percentage of mucilage equal to that of the imported variety, and commercial pro- 
duction of this species in the United States would seem to be warranted. 


Pe SEED MUCILAGE has attained con- 

siderable importance in the past few years, 
not only in the preparation of medicinal laxatives, 
but also in the arts and industries, such as the 
cosmetic and the textile industries. The muci- 
lage for these purposes is obtained primarily 
from Plantago ovata Forskal (Blonde psyllium) 
and is imported from India chiefly as “Psyllium 
husks."” The blond seeds are preferred as a 
source for this product, not only because they 
yield a practically colorless mucilage, but pri- 
marily because their mucilage layer cracks off 
under slight mechanical pressure applied to the 
seed and can readily be separated from the seed. 
One importer reports that his firm has not been 
wholly satisfied in its dealings with Indian 
sources, hence it has undertaken experimental 
cultivation of this species in the United States, 
especially in Arizona. 

Greenberg (1) has directed attention to at least 
one Texas species of Plantago, namely Plantago 
Wrightiana Decne, as a possible source of muci- 
lage and has made some quantitative and qualita- 
tive comparisons with the official seeds. The 
present work is a continuation of such studies 
applied to several additional native species of 
Plantago as well as to cultivated P. ovata. In 
addition to the study of the mucilage forming 
capacity of each species a morphological and 
histological study of the seeds was also made. 


MATERIALS 


The seeds designated in this study as Plantago 
inflexa Morris, Plantago Helleri Small, and Plantago 
rhodosperma Decne were obtained from plants 
authenticated by Dr. B. C. Tharp, Curator of the 
Herbarium, the University of Texas. 
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Plantago inflexa Morris.—The seeds of this species 
were collected in June, 1949, in Washington County, 
Texas. P. inflexa which is native to Texas was 
found in dry, deep sandy soil, The scapes of the 
plant were erect, very strong, and extended well 
beyond the leaves. The fruiting spikes, which 
varied in number per plant, were quite coarse and 
measured from 2 to 4 inches in length. The color 
of the seeds varied from light to dark brown. 

Plantago Helleri Small.—The seeds of P. Helleri 
were obtained from plants collected in late June, 
1950, north of Austin, Texas. This plant, smaller 
and less conspicuous than the other Texas species 
which were studied was usually only 5 inches high. 
This species is native to Texas and is found in dry, 
limestone soil. The spikes were oblong-cylindrical 
and measured up to 3'/: inches in length, usually 
extending only a short distance above the leaves. 
The seeds were medium brown in color. 

Plantago rhodosperma Decne.—The seeds of this 
species were collected from plants grown in the 
Medicinal Plant Garden of the College of Pharmacy, 
the University of Texas, during 1948 and 1949. P. 
rhodosperma is found in sandy soil from Missouri 
and Oklahoma to Louisiana, Texas, and Arizona 
(2). In the Austin area it attains its maximum de- 
velopment in heavy limestone soils. The scapes 
were erect, usually extending above the leaves. The 
spikes measured from 2 to 7*/, inches in length and 
were densely flowered. The capsules dehisce less 
readily than those of the other species, making it 
more difficult to remove the dark red seeds. This 
would be an advantage in the harvesting of the crop 
since there would be less shattering and loss of the 
seeds. 

Many of the plants collected near Austin were 
very large in comparison with the other Texas 
Plantagos. One plant was found to be 13 inches 
high and to have 63 fruiting spikes. The length of 
the spikes ranged from 3'/; to 7*/, inches, and the 
number of seeds from each spike varied from 19) 
to 218 and weighed from 108 to 208 mg. The total 
weight of the seeds from the entire plant was 9.978 
Gm. 

Plantago ovata (homegrown).—The cultivated 
Plantago ovata seeds were collected from plants 
grown in the Medicinal Plant Garden of the College 
of Pharmacy from seeds supplied by the Serutan 
Company. The seeds were planted in beds in 
sandy loam soil in the late fall of 1948 and the crop 
harvested in May, 1949. The scapes varied from 
one to several per plant, rarely surpassing the leaves. 


100 


+) - 
+ 
oh 
7 

ag 

: 


February, 1955 


The spikes of these cultivated plants measured up 
to 1 inch in length and produced three types of 
seeds: silvery gray, partly gray and partly light 
brown, and entirely light brown. 

Harvesting of all seeds was done by hand and the 
cleaning process was accomplished by winnowing 
with an electric fan. 


EXPERIMENTAL 


Swelling Factors.—In earlier studies Burlage (3) 
reported a wide variation in the swelling factor 
within the same lot of seeds of Plantago species. 
Because of such reports, methods were employed 
in order to determine if the official N. F. (4) method 
(1) and the procedure used by Greenberg (1) (IT) 
had any effect on the swelling factor. Results ob- 
tained by each method are recorded in Table I. 

Mucilage Content.—The seeds used in the swell- 
ing tests according to Method No. I were utilized 
as a source of the mucilage for the quantitative 
determinations. The mucilage was separated from 
the seeds by use of the hand press devised and de- 
scribed by Greenberg (1). The seeds were previ- 
ously dried at 98° for ten hours before weighing. At 
the end of the twenty-four-hour period, as described 
in Method No. I, the contents of the cylinder were 
transferred to the hand press and the expressed 
mucilage collected in a tared evaporating dish. 
Both the cylinder and the hand press were washed 
two or three times, and the wash water added to the 
mucilage. The seeds were then carefully transferred 
to another tared evaporating dish. The evaporat- 
ing dishes and their contents were thoroughly dried 
at 98° to a constant weight and the mucilage per- 
centage was determined by (a) direct weight of the 
dried expressed mucilage, and (b) indirectly by loss 
of weight of the seed during the operation. The 
results are tabulated in Table I. 

It will be noted that the figures check rather 
closely for all species except P. rhodosperma and 
show that very little mucilage is lost in the hand 
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press. The discrepancy in the case of P. rhodo- 
Sperma is apparently due to a greater tenacity of the 
mucilage of this species which interferes with its 
complete removal from the cylinder and hand press 
during the operation. 

The mucilage separated from the seeds of com- 
mercial P. ovaia, homegrown P. ovata, and P. rho- 
dosperma was a clear jellylike mass varying in color 
with the different species. Mucilage expressed from 
P. Helleri and P. inflexa seeds was a dirty-white, 
translucent mass. When examined closely, denser 
areas occur thickly scattered throughout the gelat- 
inous mass. Greenberg (1) has referred to these 
dense areas as incompletely hydrate. mucilage 
forcibly expressed from the seed. 

The powdered mucilage from the different species 
possessed the following colors: pale cream color, P. 
Helleri and P. inflexa; brownish-tan, P. rhodo- 
sperma; grayish brown, P. ovata (homegrown); 
light tan, rese tint, P. ovata (commercial). 

The solutions of the various mucilages varied in 
color and in viscosity. The latter property is tab- 
ulated in Table II. 

Viscosity Determinations.—The dilutions used in 
determining the viscosities were prepared by adding 
150 mg. of the powdered mucilage, dried at 98° to 
constant weight, to 20 cc. of distilled water. The 
determinations were made at 37.8° using the Ubbe- 
lohde viscosimeter and the results reported in Table 
Il. 

For tke first trial the powdered mucilage was 
added to the water in a 125-cc. Erlenmeyer flask and 
allowed to stand, with occasional shaking, for eight 
hours. At the end of this period only the mucilage 
from the homegrown P ovata yielded a clear, trans- 
parent liquid. The viscosity of this solution was 
found to be 19.02. The mucilage of the remaining 
species required a period of heating, ranging from 
fifteen to twenty-five hours, to effect a homogeneous 
solution for the determinations. The heating proc- 
ess was carried out by loosely corking the flasks 
and placing in an oven at 98°. After cooling to 


TABLE I.—Swetuinc Facrors, MucrLace AND S1zeE or SEED 


Swelling Factors® 

(Av. Volume), cc 

Method Method 
Species I II 
inflexa 12.5 13.5 
Helleri 16.5 16.0 
rhodosperma 18.5 18.0 
ovata (homegrown ) 10.5 11.0 
ovata (commercial) 11.5 10.0 


| 


@ At least 5 determinations were made on each species. 
+ At least 5 determinations were made on each species. 


Av. Percentage 
of Mucilage?® 
Di 


Av. Wt. of 
100 Seeds, ¢ Size of Seeds in mm.¢ 
Indirect Mg. Length Width 
18.3 184.01 2.5-3.0 1.5-1.75 
229 .93 3.25-3.5 1.5-1.75 
151.81 2.5-3.24 1.25-1.5 
148.48 2.5-3.0 1.5-1.75 
189.71 3.0-3.25 1.5-1.75 


¢ Six determinations were made on selected seeds of each species. 
4 Ten determinations were made on selected seeds of each species. 


TaBLe II.—KINemartic VISCOSITIES (CENTISTOKES) 


First Trial 
(Allowed to Second 
Stand for Trial 
8 Hours (Heating 
Then Heating for 
Species from 0-25 Hours) 34 Hours) 


. inflexa 

. Helleri 

. rhodos perma 

. ovata (homegrown ) 
. ovata (commercial ) 


Third Trial 
(Allowed to Stand in Refrigerator for 
12-Hours—-Heating for 74 Hours) 


18 Hrs. 32 Hrs. 74 Hrs. 

5.76 5.76 3.87 

: 6.84 5.53 3.54 
Toothick Toothick 1,445.00 2.93 
45.01 26.83 17.83 3.31 
36.32 21.92 21.92 2.75 


> 
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17.7 
17.4 
17.5 : 
; 21.8 
21.5 
P 9.80 11.08 7.11 
P 6.63 4.96 17.39 
P 2.89 4.33 Too thick 
P 19.02 3.85 177.38 
P 21.19 4.76 224.38 ; 
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37.8° the mucilage was introduced into the viscosim- 
eter and five determinations were made, in rapid 
succession, and the average was taken as the vis- 
cosity value. 

Inasmuch as the solutions prepared by the above 
method were not uniformly treated, the values ob- 
tained were not truly comparable; therefore, a 
second trial was carried out with the solution of each 
mucilage subjected to similar treatment. The 
powdered mucilage was added to the water in a 50- 
ce. cylinder. The cylinder was then vigorously 
shaken and immediately placed in the oven and 
heated for thirty-four hours. During this treatment 
water lost by evaporation was replaced and the 
solutions were cooled to 37.8°. 

Since the results obtained from trials 1 and 2 
varied considerably and because it was observed 
that heating over a prolonged period of time ob- 
viously had some effects on the mucilages, a third 
trial was attempted to investigate further the causes 
for these vast differences in the viscosity values. 
Each mucilage was accordingly prepared by adding 
the powdered mucilage to the water in a test tube, 
placing it in the refrigerator, allowing it to stand for 
twelve hours, then transferring the test tube to a 
large beaker of boiling water and heating for five 
minutes. Each test tube was thereupon shaken 
vigorously to dissolve any small clumps of undis- 
solved mucilage, after which the solutions were then 
placed in the oven and heated at 98° for a total of 
seventy-four hours, and the viscosity determinations 
were made at intervals of twelve-, eighteen-, thirty- 
two-, and seventy-four-hour periods of time, re- 
spectively. The results reported show a steady de- 
crease in the kinematic viscosity of the solutions. 

In analyzing the viscosities reported in Table II, 
second trial, it will be observed that after heating 
for thirty-four hours all the mucilages, except that 
from P. inflexa, show approximaiely the same 
values. Furthermore, it will be noted that the vis- 
cosities reported in the first trial, where the solutions 
were allowed to stand before heating, were higher 
than those obtained in the second trial, with the 
exception of those of P. inflexa and P. rhodosperma 
which were shown to be somewhat lower in the first 
trial. From these results it might be assumed that 
allowing the mucilage to stand for eight hours be- 
fore heating tends to facilitate, in most instances, 
the hydration of the mucilages, causing an increase 
in the viscosities. If the mucilages are heated for 
thirty-four hours immediately after they are placed 
in water, heating either prevents hydration or else 
causes some other physical or chemical change in the 
colloidal solution, after hydration takes place, to 
cause a decrease in the viscosity. The mucilages 
from P. inflexa and P. rhodosperma, which have 
been the exceptions to the general trend in the pre- 
vious trials, also show a difference in the third trial 
in that they change very little over a thirty-two- 
hour heating period, whereas the other mucilages 
steadily decrease after each period of heating. The 
behavior of P. rhodosperma mucilage indicates that 
it does not hydrate rapidly (requiring twelve hours 
to form a very thick mucilage); however, once it is 
hydrated it remains stable toward heat for a period 
of thirty-two hours before undergoing further 
change, either through hydrolysis or in the colloidal 
state of the solution. After thirty-two hours the 
solution is still extremely viscous, but measurable, 
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but upon further heating the change in viscosity 
occurs quite rapidly to attain the value of 2.93 at 
the end of the seventy-four-iiour period. Although 
the various mucilage solutions vary considerably 
under different treatment, it will be noted that after 
heating for seventy-four hours all the mucilage solu- 
tions tend to approach the same viscosity value. 

The conclusions drawn from the viscosity values 
reported are that (a) heating has a definite effect on 
the mucilage solutions, (>) the period of time each 
solution is allowed to stand before heating is a sig- 
nificant factor, and (c) all the mucilages tend to ap- 
proach the same viscosity value if heated for a long 
period of time. 

A definite statement as to what changes occur in 
the mucilages to cause these variations in the viscosi- 
ties cannot be made. A question arises as to the 
possibility of the change being brought about by 
enzymatic action, but since enzymes are thermo- 
labile at 98° some other explanation must be sought. 
Instead, it appears to be a physical or chemical 
change brought about by hydrolysis. Hydrolysis 
might occur before, during, or after the process of 
hydration; or it is possible that a change in the 
micellar structure of the mucilage solution occurs. 
More information concerning the physical and chem- 
ical properties of the mucilages will have to be ob- 
tained before a satisfactory explanation can be 
given. 

Since the viscosities vary so markedly under dif- 
ferent conditions of time and temperature, it would 
be difficult to correlate this property with the me- 
dicinal and industrial use of the mucilages. 

Microtechnique Methods.—In previous histologi- 
cal studies on certain Plantago seeds, Neva (5) 
used, with special adaptations, the double embedding 
procedure recommended by Johansen (6) and Sass 
(7) in getting suitable sections for study. It was 
found in the present study that if the fresh mature 
fruits were used, only the paraffin method was neces- 
sary to obtain satisfactory transverse sections of the 
seeds. Following Neva'’s (5) general procedure, 
with some modifications, complete cross sections of 
the seeds with the mucilage layer still intact were 
obtained. 

The seeds were placed for five days in a formalin- 
aceto-alcohol solution in which the water concen- 
tration was approximately 16%. They were then 
washed with 95% alcohol and absolute alcohol, 
respectively. After washing, the seeds were then 
hardened and dehydrated by passing them, in suc- 
cession, through 10, 30, and 60% chloroform- 
absolute alcohol mixtures and finally into 100% 
chloroform. After hardening with chloroform the 
paraffin method described by Sass (7) was employed. 
Sectioning was accomplished by (a) using a rotary 
microtome and (b) making freehand sections. The 
sections were stained by passing them, in succes- 
sion, through 95% alcohol, the alcoholic staining 
solutions of 0.5% safranin and 0.5% fast green, 
absolute alcohol, and finally into xylol. 


DESCRIPTION OF THE SEEDS 


External Morphology.—A binocular dissection 
microscope (17) was used in the examination of 
the external morphology of the seeds. 

Plantago inflexa.—The seeds of P. inflexa meas- 
ured from 2.5 to 3.0 mm. in length and from 1.5 to 
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1.75 mm. in width. They were ovate-oblong, 
typically boat-shaped, light brown over most of the 
top portion of the seed but darker brown along the 
seed margin. The light drown area visible on the 
convex dorsal surface coincided with the location of 
the straight embryo or possibly outlined the cavity 
on the concave ventral surface. This area extended 
almost the entire length of the seed and the division 
between the two cotyledons could easily be seen. 

The dorsal surface was dull, obscurely papillose, 
and exhibited a distinct transverse groove near the 
mid-section of the seed. 

The concave ventral surface showed a narrowed 
cavity bordered by a dark brown somewhat flat- 
tened ridge. The ventral hollow was completely 
covered with a white scaly tissue, leaving only the 
hilum exposed. 

Plantago rhodosperma.—The seeds of P. rhodo- 
sperma varied in length from 2.5 to 3.24 mm. and in 
width from 1.25 to 1.5 mm. They were broadly 
ellipsoidal, pear-shaped, and light to dark red in 
color. 

The convex dorsal surface exhibited a light-colored 
elongated central area, tapering at the broader end 
of the seed. The margin of the seed appeared as a 
white translucent band, especially conspicuous at 
the two extremities. 

The ventral surface was slightly concave bordered 
by a clear, thin, low ridge. Near the center of the 
ventral surface lay the distinct white hilum. Both 
the dorsal and ventral surfaces were dull and slightly 
papillose. 

Plantago Helleri.—The seeds of P. Helleri were 
larger than those of the other two Texas species, 
varying in length from 3.25 to 3.5 mm. and in width 
from 1.5 to 1.75 mm. They were ovate-ellipsoidal, 
larger at one end than the other, medium brown, 
but darker brown along the seed margin. 

The convex dorsal surface was dull, slightly papil- 
lose, and showed a transverse groove nearer the 
broader end. 

The concave ventral surface, showing a large 
cavity with the hilum located near the center of the 
base of this cavity, was bordered by a dark-brown 
flattened ridge. Most of the furrowed surface was 
covered with a white scaly tissue which was more 
dense around the hilum and around the base of the 
ridge. 

Plantago ovata (homegrown).—The homegrown 
P. ovata produced seeds which varied considerably 
in appearance. There were three types: The first 
type was like the usual commercial form with the 
silvery-white layer covering all but a small central 
area on the dorsal side of the seed. They differed 
only in that they were slightly smaller. The second 
type was only partly covered with the silvery-white 
coating. In some instances one-fourth or one-fifth 
of the seed was covered with the white layer, the 
remaining portion being a light-brown color. The 
dorsal surface of some of the seeds showed only a 
narrow strip of the white coating formed across one 
end or along one side of the seed. The silvery- 
white coating seemed to be deposited in a very ir- 
regular fashion without any definite pattern. The 
third type possessed no silvery-white coating, but 
otherwise resembled the official variety. This last 
type of homegrown P. ovata seed was light brown in 
color. The dorsal surface showed a _ yellowish- 
brown center extending almost the full length of the 
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Fig. 1.—-Transverse section of Plantago inflexa 
Morris seed showing cotyledons, endosperm, and 
outer mucilage layer. X 50. 


seed, fading into a light brown (chestnut brown) 
border. 

The homegrown P. ovata seeds measured 2.5 mm. 
in length, rarely up to 3.0 mm., and from 1.5 to 1.75 
mm. in width. 

The silvery-white coating of these seeds appeared 
to be an extra thick layer of mucilage. Since the 
majority of the seeds obtained from the homegrown 
variety possessed no white coating, it was assumed 
that they would yield a smaller per cent of mucilage 
than the official variety. Experimental results, 
however, showed this assumption to be in error, as 
the quantitative yield of mucilage was approximately 
equal to that of the official variety, as shown in 
Table I. 

Histology.—Transverse sections of the seeds of 
P. inflexa (Fig. 1), P. rhodosperma (Fig. 2), P. Hel- 
leri, and P. ovata (homegrown) were made and the 
three distinct regions, the embryo, endosperm, and 
seed coat were examined under low- and high- 
power magnifications. 

Plantago inflexa.— Embryo.—The straight embryo 
was located in the center of the endosperm and con- 
sisted of two heel-shaped cotyledons adhering in the 
direction perpendicular to the ventral surface. 
Each cotyledon was composed of compact, circular, 
thin-walled parenchyma cells with the outermost 
layer being formed by slightly smaller, nearly square 
cells. 

Endosperm.—The endosperm extended from both 
sides of the embryo in a curved ventral direction to 
form the two ridges which outlined the ventral 
cavity. These ridges conspicuously folded toward 
the center of the seed. The endosperm was com- 
posed of thick-walled, irregular shaped cells, with the 
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Fig. 2.—Transverse section of Plantago r’:vdo- 
sperma Decne seed showing cotyledons, endosperm, 
pigment layer, and outer mucilage layer. X 50. 


outermost layer consisting of thick-walled palisade 
cells measuring froin 20-28 uw in height. 

Seed Coat.—-The seed coat consisted of (a) the 
pigment layer, and (b) the outer epidermal layer. 
The pigment layer surrounded the endosperm and 
was formed by a single layer of flattened, wavy, 
somewhat collapsed, thin-walled cells measuring up 
to8 win height. The single layer of outer epidermal 
cells was thin-walled, translucent, mucilaginous 
cells varying from a rectangular to a nearly square 
shape. On most of the dorsal surface, the cells 
measured in height from 30-40 ». Along the in- 
curved margins of the seed, the mucilaginous cells 
became somewhat elongated, measuring from 90- 
110 win height. At the top of the endosperm ridge, 
the region where the endosperm folded back toward 
the center of the seed, the outer epidermal layer be- 
came detached from the pigment layer and passed 
directly to the ventral surface near the hilum. 

Plantago rhodosperma.— Embryo.—The two coty- 
lecdons of the embryo adhering in the direction paral- 
lel to the ventral surface, appeared as somewhat 
flattened, elongated semicircular structures. Each 
cotyledon consisted of several layers of compact, 
thick-walled, rectangular cells with ends being some- 
what pointed, presenting a ‘‘storied cambial”’ effect. 

Endosperm.—The endosperm did not form two 
ridges on the ventral surface as distinctly as these 
observed in other Plantago species. It formed a 
somewhat straightened half-moon shape, with the 
ends slightly rounded, the center region on the con- 
cave ventral surface being slightly raised. The 
cells, however, which made up the endosperm, were 
very similar in structure to those of P. inflexa, the 
palisade cells measuring from 8-15 u in height. 
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Seed Coat.—The pigment layer differed consider- 
ably from that of P. inflexa. It was composed of 
rectangular and square shaped cells measuring from 
12-28 uw in height and from 8-15 yw in width. The 
cells contained a dark red pigment. The single 
outer epidermal layer strongly adhered to the pig- 
ment layer around the entire seed, leaving only the 
hilum exposed. The clear, translucent cells were 
rectangular in shape measuring from 20-40 yu on 
most of the dorsal surface, 15-20 w on the ventral 
surface, and from 70-90 yu near the ends of the half- 
moon shaped endosperm. 

Plantago Helleri.—Embryo.—The two cotyledons 
of the embryo of P. Helleri were very similar to those 
of P. inflexa. They differed from P. Helleri in 
shape in that they were slightly larger and more 
rounded in appearance. 

Endosperm.—The endosperm of P. Helleri dif- 
fered from that of P. inflexa in that the endosperm 
ridges formed are thinner and fold toward the center 
of the seed to a lesser extent than those of P. in- 
flexa. The cells of the palisade layer measured from 
10-15 wu in height. 

Seed Coat.—The cells making up the single pig- 
ment layer were structurally similar to those found 
in P. inflexa. They contained a dark brown pig- 
ment and measured from 5-8 yw in height. The 
cells which form the outer epidermis resembled 
those described under P. inflexa. They varied in 
height from 30-40 uw on most of the dorsal surface, 
to 90-110 w along the incurved margins of the seed. 
The epidermal layer also became detached from the 
pigment layer near the top of the endosperm ridges; 
it did not extend directly to the ventral surface, but 
followed closely the cavity outline. 

Plantago ovata (homegrown).—TZype J.—The 
histology of this type seed produced by homegrown 
P. ovata was identical to that of P. ovata commercial, 
the description of which has been adequately cov- 
ered in previous works. It was observed in this 
study, however, that the outer epidermal layer ad- 
hered to the pigment layer along the central area of 
the dorsal surface and along the top portion of the 
ventral endosperm ridges. It was detached from 
the pigment layer on the remaining portion of the 
seed. This could be the explanation for the par- 
ticular coloration of the seed. The intercellular 
area between the pigment layer and the epidermal 
layer would tend to obscure the brown pigment 
layer, thus giving the seed a whitish appearance. 

Type IIT.—The histology of the brown P. ovata, 
homegrown, also resembled that of the official vari- 
ety. It differed from the latter in that the mucilage 
layer closely adhered to the pigment layer, which 
completely enclosed the seed. 


SUMMARY 


A study has been made of three Texas Plantago 
species and of the homegrown P. ovata. The 
morphological and histological characteristics of 
the seeds of each of these species have been de- 
scribed, the mucilage content of each has been 
quantitatively determined, and a study of the 
effects of time and temperature on the viscosity of 
the various mucilage solutions has been made. 
From these studies the following observations 
were made: 
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1. The mucilage content of each of the three 
Texas Plantagos, P. inflexa, P. rhodosperma, and 
P. Helleri was slightly less than that of P. ovata 
(commercial). 

2. The homegrown P. ovata produces three 
types of seed, the majority of which differs in 
appearance from the imported seed of P. ovata. 
It was found, however, that the homegrown 
variety yielded a percentage of mucilage equal to 
that of the official variety. 

3. The conclusions drawn from the viscosity 
values reported are that (a) heating has a definite 
effect on the mucilage solutions, (b) the period of 
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time each solution is allowed to stand before heat- 
ing is a significant factor, and (c) all the mucilages 
tend to approach the same viscosity value if 
heated for a long period of time. 
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Special techniques and apparatus for the 
synthesis of C'* carbonyl labeled dimethyl 
phthalate, C,H, are described. 


Dee PHTHALATE is a compound showing 

considerable merit as a very effective insect 
repellent (1). In any study of the properties of 
this compound as an insect repellent, the use of a 
radioactive label would offer certain obvious ad- 
vantages. Consideration of the structure of 
dimethyl phthalate, the ease of synthesis and the 
labeling isotopes available led to the conclusion 
that the C™ carbonyl labeled compound offered 
the most promise. Accordingly, the purpose of 
this study was to investigate the methods of 
synthesis of C' carbonyl labeled dimethyl phthal- 
ate. 

After careful consideration of various syntheses 
of dimethyl phthalate reported in the literature 
(2-5), C™abeled dimethyl phthalate was pre- 
pared by treatment of o-tolyl magnesium bromide 
with (obtained from BaC™Os), oxidation of 
the resulting labeled o-toluic acid to labeled 
phthalic acid, and esterification via the acid 
chloride. 


EXPERIMENTAL 


o-Tolyl Magnesium Bromide.—A twofold excess 
of this Grignard reagent was prepared using 3.42 


* Received August 28, 1954, from the Bio-Nucleonics Labo- 
ratory, School of Pharmacy, Purdue University, Lafayette, 
Ind. 

i resented to the Scientific Section of A. Pu. A., Boston, 
meeting, August, 1954 

The C'* labeled barium carbonate was obtained on alloca- 
tion from the Atomic Energy Commission. Other materials 
were standard chemical reagents. 


The Synthesis of C'* Carbonyl Labeled Dimethyl 
Phthalate* 


By DONALD Y. BARKER and JOHN E. CHRISTIAN 


Gm. of freshly distilled o-bromotoluene, 0.48 Gm. of 
magnesium turnings, one crystal of iodine and 30 
ml. of anhydrous ether. 

The magnesium turnings, previously crushed, were 
placed in a thoroughly dried 300-ml. three-necked 
round-bottomed flask, fitted with a mercury sealed 
stirrer, a 100-ml. dropping funnel and a Hopkin’s 
condenser, fitted at its upper end with a drying tube 
filled with calcium chloride. Anhydrous ether, 6.5 
ml., and a crystal of iodine were added to the flask. 
The o-bromotoluene was added to the dropping 
funnel and 20 drops of this undiluted halide were 
added to the fiask. The mixture was refluxed with- 
out stirring, over a water bath at 45°. The re- 
maining 23.5 ml. of anhydrous ether which had been 
used to rinse the apparatus in which the o-bromo- 
toluene had been measured, was added to the drop- 
ping funnel. The o-bromotoluene-ether mixture 
was added with stirring to the flask over a thirty- to 
thirty-five-minute period. Stirring was continued 
as long as there was evidence of any reaction, after 
which the mixture was refluxed on the water bath for 
another thirty minutes. 

o-Toluic Acid.—The o-tolyl magnesium bromide 
was carbonated in the apparatus diagrammed in 
Fig. 1. Barium carbonate C™ (1.97 Gm.) with an 
activity of approximately 5 wc. was weighed into 
flask G and 15 ml. of concentrated sulfuric acid were 
added to funnel F. This carbon dioxide generator 
was attached and sealed to the manifold L through 
the drying tube E, filled with Drierite® and stop- 
cock D was left open. The entire system was 
evacuated through stopcock A to less than 0.5 mm. 
pressure, as indicated by manometer C; stopcock 
A was closed and the system was tested for leaks. 
Stopcock B was opened and nitrogen admitted to 
bring the system to atmospheric pressure. Stopper 
M was opened and the o-tolyl magnesium bromide 
quickly pipetted into the reaction flask K. The 
stopper was quickly replaced, stopcock B was closed 
and the contents of the reaction flask frozen with 
liquid nitrogen and the system evacuated. Stop- 
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Fig. 1.—Apparatus for carbonation. 


cock A was closed and the liquid nitrogen bath was 
replaced by an acetone-dry ice bath at —20°. The 
nitrogen entrapped in the reaction mixture escapes 
at this temperature. The o-tolyl magnesium bro- 
mide solution was again frozen with liquid nitrogen, 
the system evacuated, stopcock A closed and the 
temperature again raised to —20°. When the con- 
tents of the reaction flask had come to thermal 
equilibrium with the acetone-dry ice bath, stirrer J 
was started. Carbon dioxide was generated by 
carefully dropping the sulfuric acid onto the barium 
carbonate. Absorption of the carbon dioxide in 
flask K was noted by a constant manometer reading. 
To ensure complete absorption of the carbon dioxide, 
the contents of flask K were frozen with liquid nitro- 
gen drawing any traces of carbon dioxide into flask 
K. Stopcock H was closed, the contents of the 
flask warmed to —20° and the mixture stirred for 
an additional fifteen minutes. 

The carbonated o-tolyl magnesium bromide was 
hydrolyzed in the reaction flask by the addition of 
20 Gm. of chipped ice, 100 ml. of distilled water, 
and 10 ml. of concentrated sulfuric acid. The lib- 
erated o-toluic acid dissolved in the ethereal layer 
on stirring. The mixture was transferred to a 500- 
ml. separatory funnel and the aqueous layer run 
off into a second funnel. This aqueous layer was 
extracted twice with two 25-ml. portions of ether, 
which had previously been used to rinse the reaction 
flask. The o-toluic acid was extracted from the 
ethereal solution using 60 ml. of 1 N sodium hy- 
droxide solution in four equal portions. The ether 
fraction was discarded. 

The combined aqueous fractions were acidified 
with hydrochloric acid, precipitating the o-toluic 
acid which was collected on Sharkskin filter paper. 

Phthalic Acid.—The o-toluic acid was dissolved in 
60 ml. of 1 N sodium hydroxide solution contained 
in a 250-ml. Erlenmeyer flask. To the solution was 
added 80 ml. of distilled water containing 3.48 Gm. 
of potassium permanganate, a 10% excess of the 
amount required to oxidize the theoretical amount 
of o-toluic acid. 

The mixture was heated with constant stirring on 
a steam bath for ten hours. Excess potassium per- 
manganate was reduced by the addition of 5 ml. of 
95% ethyl alcohol. The solution was cooled to 
room temperature, acidified to litmus with concen- 
trated }., drochloric acid and stirred again at steam 
bath temperature for thirty minutes. Sufficient 
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saturated solution of sodium bisulfite (3 ml.) was 
added to the mixture to convert the precipitate of 
manganese dioxide to soluble manganese sulfate 
and the volume of the clear solution reduced to 
about 20 ml. by evaporation under a current of warm 
air. The solution was cooled in an ice bath, the 
phthalic acid allowed to crystallize and the crystals 
collected on Sharkskin filter paper. To the filtrate 
was added 0.2 Gm. of inactive phthalic acid. These 
crystals were collected on the first batch of crystals, 
recrystallized from water, collected, dried, and 
weighed. The C"™ carbonyl labeled phthalic acid 
weighed 1.6 Gm., representing an over-all yield of 
84.4% based on the C™ barium carbonate. 

Dimethyl Phthalate.— The phthalic acid contained 
in a 125-ml. Erlenmeyer flask was converted to the 
acid chloride by the addition of 6.32 Gm. of phos- 
phorus pentachloride, reaction being expedited by 
intimately mixing while heating over a small flame. 
On obtaining a clear solution, the flask was placed 
in an ice bath and the mouth of the flask fitted 
with a 25-cm. air condenser. Through the top of 
the condenser was added, in small portions, 5 ml. of 
absolute methyl alcohol, waiting after the addition 
of each portion for the reaction to subside. 

Distilled water (5 ml.) containing 2 Gm. of sodium 
carbonate was added, and the contents transferred 
to a 125-ml. separatory funnel. The dimethyl 
phthalate was extracted using three 10-ml. portions 
of ether. The ether was removed by evaporation 
and the dimethyl! phthalate was dried over calcium 
chloride for forty-eight hours. The dimethyl 
phthalate was then transferred to a 10-ml. distilling 
flask, the flask being washed with repeated 0.5-ml. 
portions of absolute methyl alcohol. The dimethy! 
phthalate was collected at 275-279° in a small 
tared ampul, capable of being hermetically sealed. 
The C™ carbonyl labeled dimethyl phthalate 
weighed 1.79 Gm. representing an over-all yield of 
80.4% based on the C'™ barium carbonate. 

The purity of the C'* dimethyl phthalate was de- 
termined by paper partition chromatography. 
Sheets of Whatman Filter Paper No. 1 were cut into 
strips 30 X 3cm. These strips were impregnated in 
a solution of acetone and formamide (70:30) for 
twelve hours after which the strips were dried for 
twenty-four hours at room temperature. The di- 
methyl phthalate to be chromatographed was ap- 
plied on a line 8 cm. from the end. After nine 
hours of ascending chromatography using a solvent 
mixture consisting of 95% alcohol, water, and formic 
acid (49:49:2) an Ry value of 0.88 was obtained for 
both labeled and unlabeled dimethyl phthalate. 
Only one radioactive spot was found to be present 
on the paper. Dragendorff's reagent was employed 
to locate chemically the position of the dimethyl 
phthalate. This reagent reacted with the dimethyl 
phthalate producing a distinct yellow-brown spot. 


SUMMARY AND CONCLUSIONS 


1. A synthesis suitable for the preparation of 
C™ carbonyl labeled phthalic acid and dimethyl 
phthalate has been described. 

2. The synthesis described has been used for 
the preparation of a quantity of C'™ carbonyl 
labeled dimethyl 1alate with an over-all yield 
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of 80.4 per cert, based on the starting compound, 
C"™ labeled barium carbonate. 
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The Determination of Iodide-Iodate Activity in 
Sodium Radio-Iodide (I’*') by Automatic Scanning of 
Paper Chromatograms’ 


By JOHN J. PINAJIAN and JOHN E. CHRISTIAN 


R, values of different width filter paper chromatograms using 75 per cent methanol 


in an ascendin 


system are presented for iodide and iodate. 
of the spots is determined by the use of carrier iodide and iodate. 


The chemical identity 
The iodide spot 


was developed by spraying the dry chromatogram with starch hydrogen peroxide 


solution. The ioda 


tion. 


te spot was developed with a spray of ascorbic acid-starch solu- 
Description of the equipment is given. 


The relationship of the chart drive 


—_ and the optimal slit width to the time constant of the counting rate meter is 
isc 


ussed and the minimal slit width calculated for the instrument used. 
of the curves gave areas representing the total activity at each spot. 


Integration 
The ratio of the 


iodide-iodate activities thus determined differed from the relative readings of the 
counting rate meter. 


I THE COURSE of an investigation concerning 
the assay of Sodium Radio-lIodide (I'*') used 
for medicinal purposes,' it became necessary to 
distinguish between the iodide and iodate forms 
of the I'*! activity present. Since the amount of 
material present for analysis represented some- 
thing in the order of 10~" Gm. ordinary tech- 
niques of differentiation were not suitable. The 
technique of paper chromatography appeared to 
be the most suitable and the most convenient in- 
strument readily available for the resolution of the 
two forms of I'*! activity. Indeed, once sepa- 
rated, the very nature of the iodide or iodate pres- 
ent allows for a fairly accurate estimation of the 
relative amounts present. The common practice 
of utilizing autoradiographic procedures with 
subsequent visual or densitometric determination 
of the amount of fogging was not suitable because 
of the time factor involved. Various direct 
methods of scanning have been described (2-7). 


EXPERIMENTAL 


Paper Chromatography.—A finely drawn capillary 
was inserted into the Sodium Radio-lodide (I'*')! 
and approximately one lambda was allowed to be 
drawn up by capillary action. This was then 
spotted one inch from the bottom of 18-inch strips 
of Whatman No. | filter paper (widths of 8 mm., 10 


* Received August 28, 1954, from the Bio-Nucleonics 
Laboratory, School of Pharmacy, Purdue University, West 
Lafayette, Ind 

Presented to the Scientific Section of A. Pu. A., Boston, 
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' Obtained from the Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 


mm., and 20 mm. were used). The spots were air 
dried and a drop of carrier solution (using a standard 
dropper) was then spotted at the same site. The 
carrier solution contained 1.66 mg. potassium iodide, 
2.14 mg. potassium iodate, and 10 mg. sodium bi- 
carbonate per ml. The paper was air dried and a 
small strip of tin foil was folded over the bottom as a 
weight. 

A 250-ml. ground-glass stoppered graduated 
cylinder was used for the chamber. Methanol, 
25 ml. of 75 per cent,’ was pipetted into the bottom 
and the strip was hung so that one-half inch of the 
tin foil weighted bottom was immersed in the sol- 
vent. The ground glass stopper held the paper in 
place. The chromatogram was allowed to develop 
for four hours during which time the solvent front 
traveled approximately 30 cm. The strip was with- 
drawn from the cylinder, the solvent front marked 
immediately, and the strip allowed to air dry. 

Chemical Identification of the Spots..—The spots 
on the filter paper chromatograms were chemically 
identified by spraying the paper with a fine spray of 
Starch Test Solution, U. S. P. XIV, spraying with 
Hydrogen Peroxide Solution, U. S. P. XIV, and 
finally spraying with ascorbic acid solution, 5 per 
cent. The sprays were applied with a DeVilbiss 
No. 251 atomizer. The ascorbic acid solution was 
prepared fresh each month. 

The spray of starch and hydrogen peroxide gave a 
rapid (less than one minute) response (brown color) 
with the iodide spot, while the iodate spot remained 
unaffected. With the addition of ascorbic acid, the 
iodate was reduced promptly (less than one minute) 
to give a purple color changing to brown within two 
minutes. 

The spraying of starch-iodide impregnated paper 
with ascorbic acid gave negative results, even after 


® The solvent system used here was first suggested by Glea- 
son (8), Abbott Laboratories, Oak Ridge, Tenn. 
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Fig. 1.—Recording of the iodide and iodate activi- 
ties of a filter paper chromatogram of sodium iodide 
(1'*"). (The lower most marking locates the spotting 
site and the upper most marking locates the solvent 
front line.) 


one hour. The addition of hydrogen peroxide to 
the iodate spot after treatment with starch spray 
similarly gave negative results. 

Radioactivity Assay of the Chromatograms.—For 
determining the activities of the iodide and iodate 
spots, the strips were pasted along the edge of a 
section of chart paper (Esterline-Angus Chart 
4309-C), allowing alternating 30-cm. sections of 
clear chart paper in between. The chart paper was 
then rolled om to the spindle of a 1l-ma. Esterline- 
Angus recorder. Small weights were clipped on the 
end of the chart paper. The chart paper was ar- 
ranged so that the chromatogram passed in front 
of a thin slit of a brass plate which shielded the 
Geiger-Miiller counter. Constant geometry was 
maintained by placing a lead block in back of the 
chart paper. The pulses from the Geiger-Miiller 


* End-window Geiger-Miller counter with a 2.3-mg./cm.? 
mica window. 
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tube were fed to a counting rate meter‘ and from 
there to the recorder. As the paper chromatogram 
spotting line passed a line at the middle of the slit, 
the pen was manually moved across the chart to 
give a spotting line on the chart. Similarly, as the 
solvent front line moved across the marker, another 
line was made on the chart. 

With the arrangement described, specification as 
to the chart drive speed and the optimal slit width 
is dependent upon the time constant of the counting 
rate meter. The value for the time constant varies 
in different circuits and sensitivities from one second 
to about one minute and is minimal for the highest 
counting rate sensitivity in a given circuit. Thus, 
it is advantageous to work whenever possible with a 
high level of activity in order to minimize the time 
constant of the rate meter response.® 

When this is done, the practical limiting factors 
are the chart drive speed and the slit width. With 
a chart drive speed of 28 cm./hr., the minimal slit 
width was calculated to be 3.4 mm. 

The slit width was machined to 5.0 mm. and was 
made 20 mm. across to accommodate various widths 
of filter paper strips. 

The Ry values obtained under the conditions de- 
scribed were 0.76 + 5% and 0.45 + 5% for iodide 
and iodate, respectively, and were in correspondence 
with Ry values determined by the conventional 
method. The method described has the advantage 
of presenting well-defined peaks which represent the 
centers of density. Thus the uncertainty of the 
Ry value is considerably reduced by simple measure- 
ment of well-defined distances. A sample recording 
is reproduced in Fig. 1. 

A planimeter was used to measure the area be- 
neath the curves. This area represents the total 
number of counts in the spot. The background 
was subtracted by extending the horizontal base 
line. The distribution of the radioactivity between 
the iodide and iodate spots in the sample recording 
illustrated above was found to be 93.6 and 6.4% 
for iodide and iodate, respectively. The distribu- 
tion as calculated from the relative readings of the 
counting rate meter was found to be 92.4 and 7.6% 
for iodide and iodate, respectively. 


SUMMARY 


A simple automatic scanning and recording 
device has been described for the I'*! paper chro- 
inatography. The relationship of the chart drive 
speed and the optimal slit width to the time con- 
stant of the counting rate meter has been dis- 
cussed and the minimal slit width has been calcu- 
lated for the instrument used. R, values of radio- 
iodide filter paper chromatograms hav: been 
presented. A method for determining the ratio 
of the iodide-iodate activities present have been 
described. A method for the chemical identifica- 


* Model 1615, Radiation Sentinel, Nuclear Instrument and 
Chemical Corp., Chicago, Il! 

5 One should not, of course, count at such a rate that re- 
solving time corrections become necessary. For example, 
with the full-scale response of the counting rate meter set at 

c. p. m. and the resolving time of the Geiger-Miiller 
counter 200 » sec., the correction for losses at the maximum 
rate will be approximately 1.68 per cent. Since the counting 
rate varies from zero through the maximum to zero for a 
given spot, the resolving time error in the estimation of the 
activity of the spot will be less than 1.68 per cent. 
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tion of the iodide and iodate spots on the paper 
chromatograms has been developed. 
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Properties and Applications of Powdered 
Polysaccharide Acids* 


I. Preparation and Titration Curves 


tago acid, were prep 


By JOSEPH V. SWINTOSKY,} LLOYD KENNON,} 


Several new powdered polysaccharide acids, namely elm acid, 4 
by ion exchange, followed by spray 


and JAMES TINGSTAD 


uince acid, and plan- 
rying. These acids, 


carboxymethylcellulose acid and several analogous type acids were titrated potentio- 
metrically, and the shape of the titration curves were indicated to be quite typical of 
the synthetic cation exchangers. Approximate acid equivalents and pKa values were 


determined for some of these substances. 
tions for these acids are suggested 


B=" AND Ripout have described the use of 
powdered alginic acid as a tablet disintegrant 
(1) and we have similarly noted and reported 
this property (2) for the spray-dried powdered 
acid form of carboxymethylcellulose (HCMC). 
Some recent publications have also described 
the cation exchange properties of alginic acid 
(3, 4, 5) and chemically modified cotton fabrics 
(6). Thus a number of the naturally occurring 
gums and related products possess the chemical 
structural requirements for ion exchange. 
Possible uses already discovered for some of 
the polysaccharide acids, coupled with other 
chemical and physical features, suggested a pro- 
gram embracing their preparation and an in- 
vestigation of their pharmaceutical applications. 


EXPERIMENTAL 


Materials.—The polysaccharide acids employed 
in this study were derived from algin, sodium car- 
boxymethylcellulose, linseed, elm, quince, acacia, 
and plantago seed. Alginic acid employed in this 
study was Kelacid®.' The powdered linseed acid 
and the arabic acid were prepared by ion exchange 
and spray drying in these laboratories, and have been 
previously described (2, 7). Powdered HCMC 
has also been prepared (2); but for this study, a 
slight modification of the previous method of prepa- 
ration was followed. 

Preparation of Elm Acid Solution._-Approvyi- 
mately 2.3 Kg. of elm bark? was used. Ten L. of 


* Received April 22, 1954, from the School of Pharmacy, 
University of Wisconsin, Madison. Supported in part by 
the Research Committee of the Graduate School from funds 
supplied by the Wisconsin Alumni Research Foundation 

t Present Address: Smith, Kline & French Laboratories, 
Philadelphia 1, Pa. 

Fellow, American Foundation fer Pharmaceutical Ed- 
ucation 

1 Kelco Co., Chicago, Ill. 

2? Elm bark, quince .% and plantago seed were obtained 
from S. B. Penick Co., N. ¥. 


A number of pharmaceutical applica- 


boiling distilled water was poured over the bark 
contained in a porcelain pan. The water was al- 
lowed to cool to room temperature, and the mucila- 
ginous layers formed on the bark surfaces were dis- 
persed into the water by rubbing. The rubbing 
process was repeated after two hours of maceration. 
The liquid infusion was then separated from the 
bark. The bark was again subjected to the steep- 
ing process. About 20 L. of an orange-brown 
mucilaginous infusion of elm bark was obtained. 
The infusion was saturated with chlorobutanol to 
inhibit fermentation and was then strained through 
two layers of muslin. The mucilaginous polysac- 
charide was precipitated from solution by pouring 
60 L. of alcohol, into the 20 L. of infusion. It ap- 
peared as a white fluffy substance somewhat like 
paper pulp and was collected by filtration through 
muslin. It was then expressed free of liquid by 
squeezing in the hands; the material became light 
ash colored. In 150 cc. of alcohol it assumed a very 
friable character and crumbled into small particles 
upon stirring. Distilled water was added in small 
increments with stirring to permit uniform wetting 
and hydration of the product. Whena total volume 
of 1 L. was attained, the product, a thick homogene- 
ous mucilage, was poured with stirring into 1 L. of 
boiling distilled water. After further swelling, it 
was diluted with warm distilled water to a total 
volume of 8 L. and after standing several hours, 24 
L. of alcohol were added to reprecipitate the poly- 
saccharide. The precipitate was filtered through 
muslin and redissolved in water to a volume of 20 L. 
The series of alcohol precipitations were performed 
to separate the polysaccharide gum from the other 
principal extractive materials of the bark. 

To obtain the elm acid solution, the viscous gum 
solution, maintained at about 50-60°, was passed 
through a series of eight 4-L. flasks, each flask con- 
taining about 500 Gm. of acid charged IR-120 cation 
exchange resin.* About fifteen to twenty minutes 


* Rohm & Haas sulfonic acid type resin. 
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were permitted for ion exchange in each flask. After 
shaking the flask several times on a hot plate, the 
ion exchange resin settled and the supernatant liquid 
was decanted into the next flask. The solution 
from flask 8 was, in each case, filtered through a 
single layer of muslin to remove the major portion of 
suspended IR-120 resin. The acid gum solution 
was a translucent colorless product of considerably 
lower viscosity than the solution prior to ion ex- 
change. 

Preparation of Quince Acid and Plantago Acid 
Solutions.—-About 2 Kg. of quince seed, Alicante, 
was used to prepare the quince acid. About 350 
Gm. of triple cleaned, ovata blonde, plantago seed 
was used to prepare the plantago acid. The princi- 
ples and procedures employed for the preparation 
of these acid gum solutions were similar to those 
described for elm acid, although the separation of 
the murcilage from the seeds was less difficult than 
its removal! from the elm bark. 

Preparation of HCMC Solution.—Since the pre- 
viously described method (2) for the preparation of 
HCMC solution by ion exchange was extremely slow, 
the method was modified to conform with that de- 
scribed for the preparation of elm acid solution. 
About 40 L. of a 2% aqueous solution (CMC, Type 
70, Hercules Cellulose Gum,‘ premium low viscosity ) 
were passed through the series of sulfonic acid resin 
charged flasks without the employment of heat. 

Preparation of Powdered Polysaccharide Acids.— 
Preparatory to spray drying, the respective poly- 
saccharide acid solutions were warmed to about 
50°, and filtered through four layers of muslin. 
These cloudy colloidal solutions were then sprayed 
through an atomizing head into a 230° chamber of 
a Bowen Spray Drier according to previously de- 
scribed methods (2, 7) 

Ash Determination.—-Ash determinations were 
made by igniting the respective samples on cruci- 
bles, without any pretreatment, and weighing the 
residues. 

Titration Curves of the Powdered Polysaccha- 
ride Acids.—Samples of the acids were titrated as 
collected from the spray drier. Samples of ap- 
proximately 0.4 Gm. in 50 cc. of distilled water were 
titrated potentiometrically with 0.100 N NaOH 
using a Beckman Model H pH meter. A period of 
several minutes was permitted between additions 
of alkali for equilibration. 

For one of these acids, HCMC, special precautions 
were taken to conduct the titration so that a more 
reliable value of acid strength and ion exchange 
capacity could be obtained. In this procedure 
numerous 0.400-Gm. samples of HCMC were 
placed in Erlenmeyer flasks, each containing 50 cc. 
of 1.00 M NaCl. To each flask, increments of 
0.100 N NaOH varying by several cc. were added. 
The total volume of each flask was then brought to 
100 cc. with freshly boiled distilled water, and the 
flasks were stoppered. After standing at room tem- 
perature for twenty-four hours, with occasional 
shaking, the pH’s were determined. 


RESULTS AND DISCUSSION 
All of the newly prepared spray-dried polysac- 
charide acids were very fine powders, forming 


* Hercules Powder Co., Wilmington, Del 
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cloudy suspensions when shaken with water. In 
this respect they differed from arabic acid which 
dissolves in water to form clear colloidal solutions 
(7). Those polysaccharide acids derived irom 
quince and plantago were light tan in color, while 
the product from elm was grayish-white. The 
HCMC was a white powder similar in appearance to 
the previously reported product (2), although there 
was a slight amount of charred particles due perhaps 
to slightly defective atomization in the spray drying 
procedure. 

The ash values of these polysaccharide acids were 
as follows: linseed (2),5 0.67%; quince, 3.01%; 
plantago, 1.73%; elm, 8.4%; CMCA (2),5 0.78%; 
arabic (7),5 0.044%; alginic, 1.6%. These values 
suggest that conversion to the acid form was not 
entirely complete for those products prepared by 
ion exchange and spray drying. The elm acid, in 
particular, gave a relatively high ash value. Vis- 
cous products, such as the elm gum solution here 
used, presumably requires a much longer period for 
ion exchange equilibration than was provided in 
this procedure. The products must then be con- 
sidered in the light of these properties and the 
methods employed in their preparation and not nec- 
essarily as pure entities. 

The potentiometric titration curves of these re- 
spective products are illustrated in Fig. 1. The 
curves A, B, C, D, E, F, and H are direct titration 
curves determined without control of volume or es- 
tablishing pH equilibrium after each addition of 
alkali. Thus they represent neutralization curves 
which indicate the approximate acid equivalents, 
and the comparative acid strengths of these respec- 
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Ce. 0.100 N NaOH 


Fig. 1.—Potentiometric titration curves employ- 
ing 0.400-Gm. samples of A, plantago acid; 8B, 
arabic acid; C, quince acid; D, linseed acid; E 
elm atid; F and G, HCMC; and H, alginic acid. 
All curves except G were determined by suspending 
the powders in 50 cc. of distilled water, followed by 
immediate titration with 0.100 N NaOH. Curve 
G was obtained by permitting 24-hour equilibrium 
neutralization in 100 cc. of 0.50 M NaCl containing 
various appropriate amounts of NaOH. 


* Previously reported in references indicated 
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tive substances. The curve patterns follow the 
form of the pH titration curves of resinous ex- 
changers, as determined by Griessbach (14). These 
products owe their acidity to the presence of car- 
boxy! groups (8-13); and direct titration curves are 
observed to have the single inflection shapes compa- 
rable to that observed by Griessbach and others (14— 
17) for carboxylic ion exchangers. 

The acid equivalents for the respective polysac- 
charide acids, calculated from the direct titration 
curves were as follows: plantago, 10,000; arabic,*® 
1250; quince, 753; linseed,’ 747; elm, 567; HC- 
MC,® 286; alginic,? 221. These values indicate 
that alginic acid and HCMC possess the highest acid 
reserve and ion exchange capacity; and offer the 
most promise for applications where these proper- 
ties are important. With powdered HCMC, the 
frequency of carboxyl groups in the molecule, 
molecule chain lengths, degree of dispersion, swell- 
ing, and solubility all apparently may be modifie4 
by the chemical preparative procedure from cellu 
lose. 

A more satisfactory method for determining «ne 
acid strength and ion exchange capacity of a poly - 
functional high r “lecular weight acid as a function 
of pH is to can_ out the titration in an excess of 
neutral salt. This procedure has been followed in 
some of the studies of Topp and Pepper (15), and 
Gregor and Bregman (1@). These workers have 
shown for the resinous cation exchangers that in the 
presence of excess neutral salt the relation of capac- 
ity to pH can be determined directly from the titra- 
tion curve, giving resuits comparable to those that 
would be obtained if the exchange. were in true 
solution. The sarse relationship would be expected 
with the high molecular weight polysaccharide acids 
When HCMC is allowed to react with the neutral 
salt, NaCl, equilibrium results. 


HCMC + NaCl Na* + HCI 


The equilibrium is shifted to the right as the pH is 
increased until all of the HCMC has been converted 
to the sodium salt. Thus curve G, where the neu- 
tralization titration is conducted in the presence of 
excess neutral salt, under equilibrium conditions and 
constant volume, assumes the shape, and displays 
a sharp inflection, comparable to that of a relatively 
strong monobasic acid in homogeneous solution. 
Under these conditions clear solutions resulted 
when the pH was on the alkaline side and clondy 
suspensions remained when the PH was on the acid 
side. In comparing the HCMC titration curves F 
and G, we note in curve G, a displacement to lower 
pH values in the presence of neutral salt, indicatirg 
a higher ion exchange capacity at the lower pH 
values when the neutral salt is present. This is in 
keeping with similar results observed from stuclies 
of other carboxylic ion exchangers (6, 15, 16). 

The method employed for curve G permits a 
cleser estimation of total ion exchange capacity 
of powdered HCMC than is possible from curve F. 
The total ion exchange capacity would correspond 
to the amount of sodium combined with the ion 


* Previously reported (7), 1202 
’ Previously reported (2), 757 
* Previously reported (2), 287 


®* Previously reported (18), ca. 200. 
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exchanger at the point of inflection of curve G, at 
about pH 8.4. This gives an ion exchange capacity 
of about 3.9 m. e. q. per gram. 

The pH of half neutralization corresponds very 
closely to the point of half maximum exchange capac- 
ity and therefore is a close approximation of the 
pKa. This gives pKa = 4.1 for this product, a 
value in close agreement with that observed for 
carboxymethylceliulose fabrics, acetic acid, succinic 
acid, and some similar carboxylic acids (6). 

Our experiences with the powdered polysaccha- 
ride acids have suggested a number of avenues for 
further study. For instance, studies dealing with 
their value in removal of exogenous sodium from the 
intestinal tract are indicated. Their apparent in- 
nocuous character when taken internally, and the 
property of imparting a pH of 2-3 to aqueous sus- 
pensions suggests a use in treating gastric hypo- 
acidity. Their value as enteric coating materials, 
tablet disintegrants, or retarders of tablet disintegra- 
tion, their utility in the proauction of effervescent 
tablets, and in sustained-release drug therapy seem 
worthy of investigation. They may be of use in 
rendering more palatable fluid alkaloidal prepara- 
tions or other drugs, by removing all or a portion of 
the distasteful materials from solution. When em- 
ployed in pharmaceutic dosage forms, the pH effect 
might be utilized to inhibit bacterial growth. 
Ability to sustain an acidic pH without being ab- 
sorbed may be useful in the development of sperma- 
tocides, or in the treatment of local infections occur- 
ring in certain types of vaginitis. A number of 
these possible fields of application for the powdered 
polysaccharide acids have beea under study in our 
laboratories and will be reported at later dates. 


SUMMARY 


1. Several new powdered polysaccharide 
acids from quince, elm, and plantago have |. ‘en 
prepared by ion exchange of the corresponding 
gum solutions with a sulfonic acid exchanger, 
followed by spray drying of these solutions. 
Direct potentiometric titration curves of these 
acids and HCMC, alginic acid, linseed acid, and 
arabic acid illustrate their comparative acid 
strengths and acid equivalents; their analogy to 
titration curves of synthetic cation exchangers 
is indicated. 

2. A potentiometric titration curve of HCMC 
in neutral salt solution has been used to calculate 
the approximate ion exchange capacity and pKa 
of this substance. The ion exchange capacity 
of HCMC at pH 8.4 was observed to be about 
3.9 m. e. q. per gram, and the pKa about 4.1. 

3. A number of possible pharmaceutical 
applications for peiysaccharide acids have been 
suggested. 
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Properties and Applications of Powdered 
Polysaccharide Acids* 


Il. Tablet Studies 


By JOSEPH V. SWINTOSKY,{| LLOYD KENNON,} and JAMES TINGSTAD 


Several new powdered polysaccharide acids 
were tested for their effects on the hardness 
and disintegration times of sulfathiazole 
tablets. Their effects were compared with 
those of some better known additives in tablet 
formulas. Several of these new polysaccha- 
ride type acids were shown to hasten disinte- 
gration whereas others retarded disintegra- 
tion. 


Avner actp has been described in the scien- 
tific literature as a tablet disintegrant (1); 
and some proprietary tablets in pharmaceutical 
commerce employ alginic acid for this purpose. 
We have similarly noted and reported tablet 
disintegrant properties (2) for the powdered acid 
form of carboxymethylceilulose (HCMC). 

In previous papers from these laboratories 
(2, 3, 4) the preparation of several new powdered 
polysaccharide acids by ion exchange and spray 
drying has been described. This paper illustrates 
the use of these substances in a sulfathiazole 
formulation; and shows their effect on disintegra- 
tion and hardness of the tablets. 


EXPERIMENTAL 


Materials.—Alginic acid employed in this study 
was Kelacid,' a commercial brand. The linseed 
acid, HCMC, arabic acid, elm acid, quince acid, 
and plantago acid, were prepared in these labora- 
tories (4) 

Procedure.—One tablet lot was prepared accord- 
ing to the following formula: 


Composition, % 
Sulfathiazole... 97.0 
Starch. 3.0 (added as a 10% paste) 


The other tablet lots were prepared according to 
the formula: 


* Received April 22, 1954, from the School of Pharmacy, 
University of Wisconsin, Madison. 
Present Address: Smith, Kline « French Laboratories, 
Philadelphia 1, Pa. 
J Fellow, American Foundation for Pharmaceutical Educa- 
tio 
Kelco Co., Chicago, Ill. 


Composition, % 
Sulfathiazole... 93.0 
Polysaccharide.. 4.0 
3.0 (added as a 10% paste) 


Since quantities utilized for this study were small, 
somewhat greater amounts of starch paste binder 
were used than is customary in tablet granulation 
procedures. This was done in order to facilitate 
uniform mixing of the components on an ointment 
slab with use of a spatula. Where dry starch was 
used, the starch powder was added after suitable dry 
grantles had been prepared from the sulfathiazole 
and starch paste mixture. With the plantago acid 
the wet mixing was done in a glass mortar, since the 
mass possessed an exceptionally sticky consistency. 

The masses were passed through a U. S. #12 
screen and dried at 110°. The dried granules were 
passed through a U. S. #16. These granular ma- 
terials were employed in the preparation of 0.33 
Gm., */s-inch diameter flat face tablets. 

Ten tablets were prepared at compressional 
forces of 1,000, 1,500, 2,000, 2,500, and 3,000 pounds 
per tablet. The machine used for this purpose was 
described previously (5). Five tablets at each com- 
pressional force were tested for disintegration rate 
in distilled water, using a modified U. S. P. method 
described previously (6). All tests were accom- 
plished within two weeks following preparation of the 
tablets. 


RESULTS AND DISCUSSION 


Tabulations on tablet hardness and disintegration 
rate appear in Tables I and II. In practically all 
instances, when median hardness values at each 
compressional force are considered, the magnitude 
of these values increases with compressional force, 
through the range of forces employed. Tablet 
hardness does not vary markedly from one formula 
to another at any given force level except for the 
formula devoid of disintegrant, and that with the 
plantago acid. The tablets without disintegrant 
appear softer, while those containing plantago acid 
appear harder than the other products. 

For all the formulations, except the one employing 
alginic acid, the tablet disintegration time increases 
significantly with increasing compressional force 
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TABLE I.—-MINIMUM, MEDIAN, AND MAXIMUM HARDNESS OF Five 0.33-Gm. */s-1ncw DiaMEeTER, FLAT FACE 
SULFATHIAZOLE TABLETS AS DETERMINED ON STRONG-CoBB TESTER* 


Compressional No Dis- ------— ———Contain 4% of Additive Indicated — — 
Force, integrant Starch Alginic Elm Arabic Quince Linseed Plantago 
Ib./tablet (Control) (Control) Acid HCMC Acid Acid Acid Acid Acid 
1000 5.8 7.4 9.9 6.2 6.4 8.0 6.9 6.0 8.0 
6.2 8.0 Bi 3482 £83 
8.0 10.7 14.6 12.5 11.2 8.9 9.3 9.5 17.0 
1500 9.5 8.2 12.3 10.0 9.5 10.3 10.4 8.9 16.0 
10.2 9.7 4.4 10.9 128.1 NS MS 16.7 
10.5 11.0 20.0 12.6 13.6 17.3 13.0 12.5 17.3 
2000 8.0 13.0 13.0 13.8 11.8 12.9 13.7 14.3 20.0 
11.8 15.9 1.9 1440 159 16.4 17.3 18.3 21.5 
16.7 20.5 22.5 18.3 18.3 20.0 17.7 19.5 24.0 
2500 15.1 10.9 17.2 12.4 18.5 13.1 15.0 17.0 18.1 
16.0 17.1 233.4 14.3 243 19.6 189 19.2 21.3 
19.0 20.0 24.3 23.2 24.4 24.4 23.9 24.8 26.7 
3000 8.3 11.4 17.7 19.3 22.2 17.8 17.8 17.4 25.1 
12.0 20.4 22.0 19.5 2.6 19.7 220 24.0 29.0 
29.5 27.8 23.1 27.4 30.0 
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“ Median values are underlined. 


(Table Il). The data also illustrate the relative 
merit of each of the polysaccharide acids as a tablet 
disintegrant. Where a sulfathiazole tablet devoid 
of disintegrant is used as a control it is apparent 
from the median disintegration time values that 
alginic acid, HCMC, elm acid, and starch serve to 
facilitate tablet disintegration. The utility of elm 
acid for this purpose heretofore has not been re- 
ported. The efficiency of HCMC in promoting 
tablet disintegration confirms a previous observa- 
tion made in these laboratories (2). 


SUMMARY 


1. It is evident from the disintegration rate 
data, for the tablets containing linseed acid, 
quince acid, arabic acid, and the plantago acid, 
that these substances do not facilitate disintegra- 


TaB_e II —Mrnrmum, AND MAXIMUM DISINTEGRATION Times (sEc.) OF Five 0.33-GM. 4/s-INCH 
DIAMETER, FLAT FACE SULFATHIAZOLE TABLETS IN WATER AT 37°, Usinc Moprrrep U. S. P. Metuop* 


| 
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tion of sulfathiazole tablets. In fact, these sub- 
stances are disintegration retarders in this tab- 
let formulation. 

2. The tablets containing the plantago acid 
became gummy and sticky immediately upon 
immersion in water in contrast to the other 
tablets; and those prepared at 1,000 pounds 
force did not show signs of disintegration even 
after 20,000 seconds. Because the plantago acid 
exhibited properties akin to some of the common 
pharmaceutical gums, further studies on the 
effects of this substance on tablet disintegration 
were not continued. 

3. These data suggest that by (a) judicious 
selection of disintegrant, (b) suitable choice of 
tablet composition, and (c) regulation of the com- 


Compressional No Dis- Contain 4% of Additive Indicated — 
Force, Ib./ integrant Starch Alginic Zim Arabic Quince Linseed Plantago 
tablet (Control) (Control) Acid HCMC Acid Acid Acid Acid Acid 

1000 336 241 333 143 478 7898 330 737 20,000 
569. 437 “430 168509 526 1011 
711 726 494 212 681 950 1085 
1500 874 629 240 260 416 14816 2749 3361 
1031726 414318472 4294 
1150 1071 615 369 694 9689 4110 
2000 1078 690 297 593 1142 12301 4600 
2089 3137791150 13506 _ 6357 
2364 2242 352 1152 1335 16191 6664 
2500 911 1040) 245 440 1362 7744 
1960 1629 3299541543 9361 
3585 2983 345 1288 1784 10604 
3000 1983 890 423 583 1916 9386 
3122 2155 434 1405 
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* Median values are underlined. 
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pressional force to precise and known values, the 
rates of tablet disintegration and drug release 
may be controlled. Starch has been employed 
widely because rapid disintegration rate has 
been considered a desirable quality in most 
pharmaceutical tablets. Now such products as 
HCMC and elm acid may have similar applica- 
tion in promoting rapid tablet disintegration. 
An apparent advantage over starch is their in- 
herent acid buffering capacity in tablet formula- 
tions where the pH effect is important. 

4. In recent years the concepts of sustained 
drug release, repeat drug release, and delayed 
drug release have become popular and a need has 
arisen for tablet additives and designs which 
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allow for such types of drug release over periods 
of hours. Disintegration retarders or inhibitors 
such as arabic acid, linseed acid, and quince acid 
may be possibly employed in these new applica- 
tions where delayed or sustained drug release is 
desired. 
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The Use of Some Imitation Flavors for Masking 
Distasteful Drugs* 


V. Aureomycin Hydrochloride 


By BETTY LANKFORD McLAUGHLIN# and CHARLES H. BECKER{ 


The efficacy of some imitation flavored con- 

centrates prepared in the laboratory as mask- 

ing agents for the initial and obnoxious tastes 

of aureomycin hydrochloride was studied. 

When compared with some of the official 

syrups some were found to disguise this drug 
satisfactorily. 


T WAS THE PURPOSE of this investigation to 
determine the effectiveness of certain imita- 
tion flavors, as masking agents for aureomycin 
hydrochloride. 


EXPERIMENTAL 


Preparation of Imitation Flavored Concentrates.— 
The following imitation flavored concentrates were 
used in this study: grape, root beer, butterscotch, 
maple, raspberry, cream soda, wild cherry, coconut, 
and ginger ale. With the exception of ginger ale, 
the formulas and methods of preparations as well as 
some evaluation of their masking power were given 
in previous papers (1-3). 

The formula for the imitation ginger ale concen- 
trate appears below: 


* Received August 27, 1954, from the College of Pharmacy, 
University of Florida, Gainesville 

Presented to the Scientific Section, A. Pu. A., Boston 
meeting, August, 1954 

Based upon a dissertation submitted by Betty Lankford 
McLaughlin to the Graduate School of the University of 
Florida, in partial fulfillment of the requirements for the de- 
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Imitation Ginger Ale Concentrate 


Oleoresin of Ginger, N. F.IX.... 
Oleoresin of Capsicum (High pungency ), 


Oil of Lime 
Oil of Rose a 
Oil of Estragon 


Alcohol, a sufficient quantity, to make 100 


Macerate the ingredients in the alcohol for seven 
days, then filter until clear, using tale if necessary. 

Preparation of Syrups.—The imitation flavored 
syrups were prepared as previously described (1), 
i. e., by adding 1.67 ml. of the concentrate to enough 
simple syrup to make 1000 ml. The acidified svrups 
of grape, raspberry, and wild cherry were prepared 
by adding 1.67 ml. of the concentrate and 4.00 Gm. 
of citric acid dissolved in 2 ml. of distilled water 
to enough simple syrup to make 1000 ml. 

The official syrups compared with the imitation 
flavored syrups were citric acid, U. S. P., orange, 
U.S. P., cacao, U. S. P., cherry, U. S. P., and rasp- 
berry, P. 

Concentrations of Aureomycin Hydrochloride 
Taste Test Preparations.-The concentrations of 
this antibiotic used for the taste tests ranged from 
a minimum of subliminal amount to a maximum 
containing at least a therapeutic amount in each 30 
ml. of preparation. 

The subliminal concentration is defined as that 
amount of drug that cannot be detected by taste 
and was determined on a series of solutions of the 
drug by means of taste tests conducted with a panel. 
The method of conducting the taste tests will be 
mentioned later. 
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Seventeen concentrations of aureomycin hydro- 
chloride' were used. A concentration three dilu- 
tions below the subliminal concentration was selected 
as the lowest concentration. The concentrations 
ranged from 0.39 mg. to 259.9 mg. of drug in each 
30 ml. of solution, increasing proportionally so that 
a ratio of 1.1:5 existed between adjacent solutions. 
They were numbered from 1 to 17 in ascending order 
of concentration so that the data obtained from the 
taste tests could be statistically analyzed (Table 1). 
This method of analysis has been previously 
described (1, 4). 


TABLE I.—CONCENTRATIONS OF AUREOMYCIN Hy- 
DROCHLORIDE USED IN Taste TESTS 


‘Concentration of : Concentration of 
Drug in 4-ml Drug in 30-ml. 


Number of Taste Test, Preparation, 
Taste Test mg. mg 
1 0.05 0.39 
2 0.08 0.59 
3 0.12 0.89 
4 0.18 1.34 
5 0.27 2.00 
6 0.40 3.00 
7 0.60 4.50 
8 0.90 6.75 
9 1.35 10.14 
10 2.03 15.21 
11 3.04 22.82 
12 4.56 34.23 
13 6.85 51.35 
14 10.27 77 .03 
15 15.40 115.55 
16 23.11 173.33 


17 34.63 259.9 


TABLE II.—TuHe SIGNIFICANCES OF THE MEAN DISGUISING POTENTIALS OF SOME IMITATION FLAVORED AND 
OFFICIAL VEHICLES FOR Sp. AUREOMYCIN HYDROCHLORIDE 
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pounds having a single, pure taste, such as salt or 
bitter, that is clearly distinguished in solution. It 
was found in this study that aureomycin hydrochlo- 
ride was extremely astringent as well as bitter. 

The vehicular solutions and suspensions were pre- 
pared in the same manner as were the aqueous except 
that distilled water was replaced by a vehicular 
solution consisting of one part of flavored syrup, or 
simple syrup, diluted with five parts of water, so 
that the resulting concentrations of drug would cor- 
respond with those listed in Table I. Thus, the 
only difference between any taste tests of the same 
number would be the vehicle. This permitted a 
direct comparison of the vehicles with the aqueous 
preparations of the drug and, also, with every other 
vehicle. 

Taste Tests—The Method of Evaluation of the 
Vehicles.—The masking efficiencies were determined 
by taste tests conducted with panels and the data 
statistically analyzed. The taste test panels con- 
sisted of at least fifteen adults, both male and fe- 
male, in apparent good health and not affected by 
cond..ions which could interfere with the senses of 
taste and smell. They were untrained except for 
detailed instructions given them just prior to the 
taste testing and during the entire time the testing 
was being conducted. The subjects were divided 
into groups of 4 to 6 persons each in order that each 
individual could be closely supervised and observed 
throughout the tests. The taste tests were con- 
ducted in the same manner and the data statistically 
treated as previously described by the authors and 
others (1, 4). 

The results of the panel testing are given in Tables 
II-V. Tables II and IV give the significances of the 


Mean Mean Mean Signifi- 
Threshold Threshold Disguising cance 
Number in Water in Vehicle Potential of 
of + Standard + Standard + Standard Dif- 
Subjects, ference, 
Vehicle D 
Cacao syrup, U.S. P. 15 4.53 + 0.58 11.07 + 0.29 6.54 + 0.67 6.97 
Citric acid syrup, U. S. P. 15 4.27 + 0.54 9.00 + 0.32 4.73 + 0.61 7.28 
Cherry syrup, U. S. P. 15 4.27 + 0.54 8.87 + 0.40 4.60 + 0.46 6.87 
Orange syrup, U. S. P. 15 4.27 + 0.56 8.60 + 0.40 4.33 + 0.43 6.29 
Imitation coconut syrup 16 5.50 + 0.63 9.69 + 0.48 4.19 + 0.63 5.51 
Imitation raspberry syrup 17 5.76 + 0.53 9.88 + 0.31 4.12 + 0.48 6.75 
Imitation grape syrup, acid 
added 15 6.00 + 0.61 10.00 + 0.44 4.00 + 0.50 6.00 
Imitation grape syrup 16 5.56 + 0.59 9.56 + 0.48 4.00 + 0.46 5.26 
Imitation butterscotch syrup 15 5.60 + 0.63 9.60 + 0.42 4.00 + 0.34 5.26 
Imitation wild cherry syrup 16 5.50 + 0.70 9.38 + 0.45 3.88 + 0.49 4.60 
Imitation root beer syrup 16 5.69 + 0.57 9.56 + 0.40 3.87 + 0.33 5.61 
Imitation maple syrup 16 5.63 + 0.66 9.50 + 0.40 3.87 + 0.48 5.03 
Imitation wild cherry syrup, 
acid added 16 5.56 + 0.65 9.13 + 0.49 3.57 + 0.65 4.40 
Imitation cream soda syrup 16 5.63 + 0.58 8.94 + 0.54 3.31 + 0.31 4.19 
Imitation raspberry syrup, acid 
added 15 5.73 + 0.59 8.73 + 0.43 3.00 + 0.39 4.11 
Simple syrup, U. S. P. 16 5.63 + 0.54 8.56 + 0.48 2.93 + 0.42 4.07 
Raspberry syrup, U. S. P. 17 5.65 + 0.37 8.53 + 0.29 2.88 + 0.35 6.13 
5.65 + 0.37 8.35 + 0.21 2.70 + 0.19 6.28 


Imitation ginger ale syrup 17 


When using antibiotics in taste testing a wider 
range of concentrations is required than with com- 


1 Supplied by Lederle Laboratories, Division Cyanamid 
Co., New York, N. Y. 


mean disguising and mean obnoxious potentials of 
the vehicles as masking agents for aureomycin hy- 
drochloride. The disguising potential of a vehicle 
is the difference between the taste threshold of the 
drug in water and in the vehicle. The aqueous taste 
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Mean Mean Signifi- 
Threshold Threshold Obnoxious cance, 
Number in Water in Vehicle Potential of 
of + Standard + Standard + Standard Dif- 
Subjects, Error, Error, Error, ference, 
Vehicle met mba Mate D 
Cacao syrup, U. S. P. 15 9.07 + 0.64 13.73 + 0.27 4.66 + 0.64 6.67 
Citric acid syrup, U. S. P. 15 8.93 + 0.64 12.13 + 0.50 3.20 + 0.53 3.95 
Cherry syrup, U. S. P. 15 8.93 + 0.64 12.13 + 0.538 3.20 + 0.56 3.85 
Orange syrup, U. S. P. 15 8.93 + 0.64 11.67 + 0.57 2.74 + 0.64 3.19 
Imitation coconut syrup 16 9.94 + 0.61 12.56 + 0.41 2.62 + 0.57 3.54 
Imitation maple syrup 16 9.94 + 0.60 12.38 + 0.49 2.43 + 0.53 3.12 
Imitation wild cherry syrup 16 10.13 + 0.60 12.56 + 0.58 2.43 + 0.46 2.93 
Imitation ginger ale syrup 17 8.35 + 0.41 10.76 + 0.36 2.41 + 0.26 4.38 
Imitation cream soda syrup 16 9.44 + 0.47 11.81 + 0.39 2.37 + 0.27 3.90 
Raspberry syrup, U. S. P. 17 8.35 + 0.41 10.71 + 0.32 2.36 + 0.27 4.54 
Imitation grape syrup, acid 
added 15 10.33 + 0.51 12.60 + 0.58 2.27 + 0.54 3.07 
Imitation raspberry syrup 17 9.88 + 0.38 12.12 + 0.32 2.24 + 0.33 4.48 
Imitation butterscotch syrup 15 10.13 + 0.47 12,27 + 0.39 2.14 + 0.41 3.49 
Imitation root beer syrup 16 9.81 + 0.40 11.88 + 0.36 2.07 + 0.45 3.82 
Imitation wild cherry syrup, 
acid added 16 iv.00 + 0.60 12.06 + 0.56 2.06 + 0.42 2.51 
Imitation grape syrup 16 10.43 + 0.39 12.00 + 0.45 1.56 + 0.46 2.64 
Simple syrup, U. S. P. 16 9.93 + 0.40 11.50 + 0.46 1.56 + 0.22 2.56 
Imitation raspberry syrup, 
acid added 15 9.86 + 0.42 11.33 + 0.29 1.46 + 0.44 2.86 


threshold is that level or concentration at which the 
drug may be detected by taste as compared with a 
control of distilled water containing no drug. The 
vehicular threshold is that concentration at which 
the drug is detected in the vehicle. The obnoxious 
threshold is simply that concentration at which the 
drug is considered as undesirable for oral adminis- 
tration. It can be seen in Tables II and IV that all 
vehicles, both imitation flavored and official, were 
significantly better than water for masking the 
initial and obnoxious tastes of aureomycin hydro- 
chloride. 

Tables III and V show the results of a comparison 
of each vehicle with all others used in the stuay as 
masking agents for the initial and obnoxious tastes 
of aureomycin hydrochloride. The _ italicized 
values indicate a significant difference between the 
respective vehicles. In Table III it is seen that no 
imitation flavored vehicle studied here was signifi- 
cantly better than simple syrup for masking the 
initial taste of aureomycin hydrochloride. Rasp- 
berry and butterscotch syrups and imitation root 
beer syrup were significantly better than raspberry 
syrup, U. S. P. No vehicle, imitation flavored or 
official, except cacao syrup, U.S. P. was significantly 
better than these three imitation flavored syrups 
and they did not differ significantly among them- 
selves. The addition of citric acid to the imitation 
fruit flavored syrups, raspberry, wild cherry, and 
grape did not significantly alter the mean disguising 
potentials of these vehicles. 

The values in Tab!'e V show that imitation flavored 
ginger ale and cream soda syrups were significantly 
better than simple syrup for masking the obnoxious- 
ness of aureomycin hydrochloride. Of the official 
vehicles all except orange svrup were better than 
simple syrup, however, with the exception of cacao 


syrup, U. S. P., none of the official vehicles was 
superior to these two imitation flavored vehicles. 
While lowering the mean obnoxious potentials for 
all of the imitation fruit flavored vehicles, the addi- 
tion of citric acid did not significantly depress them. 


DISCUSSION AND CONCLUSIONS 


In this study all vehicles, imitation flavored and 
official, were significantly better than water for 
masking both the initial and obnoxious tastes of 
aureomycin hydrochloride. While no imitation 
flavored vehicle was significantly better than simple 
svrup for masking the taste of this drug, imitation 
ginger ale and cream soda syrups were superior to 
simple syrup. Cacao syrup was the only official 
syrup better than these two imitation vehicles. 
Imitation raspberry, butterscotch, and root beer 
syrups were significantly better than simple syrup 
for masking the initial taste of aureomycin hydro- 
chloride and only cacao syrup, U.S. P., was superior 
to these three vehicles. It is interesting to note that 
while the five vehicles having the highest potentials 
in Table II also had the highest potentials in Table 
IV, there seems to be no other particular pattern of 
relationship among the others for the respective 
vehicles. Thus, the fact that a vehicle has a high 
mean disguising potential does not necessarily indi- 
cate that it will also have a high mean obnoxious 
potential. 
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The Use of Some Imitation Flavors for Masking 
Distasteful Drugs’ 


VI. Penicillin G Potassium 


By BETTY LANKFORD MCLAUGHLIN} and CHARLES H. BECKER? 


Imitation root beer, cream soda, and ginger 

ale syrups were found to be the best of all 

vehicles, imitation flavored and official, as 

masking agents for penicillin G potassium. 

Caczo syrup, U. S. P., the only official vehicle 

used in this investigation, was not signifi- 
cantly superior to any vehicle. 


I THE PREVIOUS stTuUDY (1) it was found that 

some imitation flavored syrups when com- 
pared with some official syrups proved satis- 
factory vehicles for the antibiotic aureomycin 
hydrochloride, which is distasteful. As penicil- 
lin G potassium is administered orally to a great 
degree, and is quite distasteful, this investigation 
was continued by studying the effectiveness of 
these same vehicles, except those that were acidic, 
as masking agents for this second antibiotic. 


EXPERIMENTAL 


In this investigation the imitation flavored and 
official vehicles, taste test solutions and controls, 
and method of evaluating the vehicles were the same 
as those used in the aureomycin hydrochloride (1) 
study, except that all acidic vehicles were omitted 
here due to the instability of penicillin preparations 
at a low pH. Liquacillin® diluent, Eli Lilly’s buf- 
fered diluent used for penicillin G potassium, was 
inciuded among the vehicles in this study. 

Concentrations of Penicillin G Potassium Taste 
Test Solutions.—Nineteen concentrations of this 
antibiotic (Penicillin G potassium,' crystalline, 
buffered), ranging from 0.89 mg. to 1,316.22 mg., 
or 1,335 to 1,974,000 U. S. P. units, respectively, 
per 30 ml. of solution were used in this study. 
A ratio of 1:1.5 existed between each adjacent 
strength. The taste tests were numbered | to 19, 
in ascending order of concentration. The drug was 
soluble in all concentrations used. In Table I are 
given the numbers of the solutions of the drug with 
the corresponding concentrations, in milligrams and 
in U.S. P. units, of penicillin G potassium in a 4-ml. 
taste test and, also, in a 30-ml. preparation 

Results of the Taste Tests.—In Tables II and IV 


* Received August 27, 1954, from the College of Pharmacy, 
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it is seen that all vehicles, imitation flavored and 
official, were significantly better than water for 
masking the initial taste of penicillin G potassium 
and that all of the vehicles, except imitation coconut, 
were also better than water for masking the ob- 
noxiousness of this drug. 

Results given in Table III show that no imitation 
flavored or official vehicle was significantly better 
than simple syrup for masking the initial taste of 
penicillin G potassium. Imitation root beer and 
cream soda syrups were superior to cacao syrup, 
U. S. P., the only official vehicle studied. This of- 
ficial syrup had a lower mean disguising potential 
than did simple syrup and was not significantly bet- 
ter than any of the imitation flavored syrups. Imi- 
tation root beer syrup was superior to seven of the 
vehicles, cream soda superior to five, and grape 
superior to three of the vehicles. These three did not 
vary significantly among themselves. 

In Table V it is seen that no vehicle, imitation 
flavored or official, was significantly better than 
syrup for masking the obnoxiousness of penicillin 
G potassium. With the exception of imitation 
maple syrup, the five vehicles having the highest 
mean obnoxious potentials were significantly better 
than imitation raspberry and coconut syrups 
There were no significant differences among these 
five vehicles with high mean obnoxious potentials. 


DISCUSSION AND CONCLUSIONS 


All vehicles studied here were significantly better 
than water as a vehicle for penicillin G potassium, 


TaBLe I.—CONCENTRATIONS OF PENICILLIN G 
Porasstum Usep 1n Taste Tests 


Concentration of 
Drug in 4-ml 


Concentration of 
Drug in 30-ml 
Preparation 
U. S. P. 
Units 
1,335 
2,010 


99 877 ,350 
48 1,316,100 
1,316.22 1,974,000 
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| 
; 
4 
| 
of Taste Test 
es! mg. nits 
1 0.12 176 
2 0.18 267 
me 3 0.27 400 2.00 3,000 mY 
4 0.40 600 3.00 4,500 
5 0.60 900 4.50 6,750 
6 0.90 1,350 6.75 10,125 
7 1.35 2,025 10.14 15,210 
8 2.03 3,045 15.21 22,815 
9 3.04 4,560 22.82 34,230 
10 4.56 6,840 34.23 51,345 ia 
11 6.85 10,275 51.35 77,017 
12 10.27 15,405 77.03 115,545 
13 15.40 23,100 115.55 173 ,325 a 
14 23.11 34,665 173.33 259 ,995 
‘ 15 34.65 51,975 259.99 389 , 850 
16 51.99 77,985 389.93 584,850 
> 17 77.99 116,985 ve 
18 116.99 175,485 
19 175.48 263,220 
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~TuHe SIGNIFICANCES OF THE MEAN DISGUISING POTENTIALS OF SOME IMITATION FLAVORED AND 
OFFICIAL VEHICLES* FOR G Porassrum 


Threshold Threshold Obnoxious 
Number in Water in Vehicle Potential of 
of + Standard Standard Standard Dif- 
Subjects, Error or, Error, ence, 
Vehicle n me + mt a Mate D 
5 Imitation root beer syrup 15 7.87 + 0.71 13.80 + 0.2 5.93 + 0.56 7.80 
; Imitation cream soda syrup 15 8.20 + 0.66 14.07 + 0.20 5.87 + 0.62 8.51 
c Imitation grape syrup 18 8.83 + 0.65 13.94 + 0.42 5.11 + 0.50 5.11 
; Simple syrup, U. S. P. 16 9.50 + 0.65 14.06 + 0.49 4.56 + 0.49 5.63 
¢ Liquacillin® diluent (Lilly) 15 8.93 + 0.52 13.47 + 0.22 4.54 + 0.46 8.11 
a Imitation maple syrup 16 9.13 + 0.61 13.63 + 0.43 4.50 + 0.36 6.00 
3 Imitation wild cherry syrup 16 8.56 + 0.75 12.94 + 0.38 4.38 + 0.68 5.15 
a Cacao syrup, U. S. P. 15 8.93 + 0.52 13.13 + 0.29 4.20 + 0.45 7.12 
Imitation raspberry syrup 16 9.31 + 0.57 13.50 + 0.41 4.19 + 0.49 5.98 
Imitation butterscotch syrup 20 9.00 + 0.50 12.80 + 0.49 3.80 + 0.32 5.43 
Imitation coconut syrup 19 9.95 + 0.49 12.42 + 0.39 3.47 + 0.40 5.48 
Imitation ginger ale syrup 15 8.93 + 0.52 12.40 + 0.49 3.47 + 0.41 4.82 
j “ All vehicles acid in nature were omitted due to the instability of penicillin in solutions at a low pH 
TABLE III.—Tue SIGNIFICANCES OF DIFFERENCES BETWEEN THE MEAN DISGUISING POTENTIALS OF THE 


Imitation Imitation Liqua- Imitation 


Root Cream Imitation Simple cillin® Imitation Wild Cacao Rasp- Butter- Imitation Ginger 
Beer Soda Grape Syrup, Diluent Maple Cherry Syrup, berry scotch Coconut Ale 
Syrup Syrup U.S. P. (Lilly) Syrup Syrup * % Syrup Syrup Syrup Syrup 


1.83 1.66 0.79 
1.93 1.73 0.84 0.05 
. 2.17 1.90 1.00 0.10 0.07 
1.76 1.62 0.87 0.21 0.20 0.16 
4 2.40 2.17 1.36 0.54 0.53 0.52 0.22 
2.35 2.13 1.31 0.53 0.62 0.51 0.23 0.02 

; $.33 2.96 2.22 1.20 1.32 1.46 0.77 0.73 0.66 fi 

3.57 $.26 2.6 1.70 1.75 1.901 1.15 123 1.14 0.65 
$3.57 $3.26 2.56 1.70 1.75 1.901 1.15 1.22 1.14 0.65 0 


The italicized values indicate a significant difference between respecti ve vehicles. 


-Tue SIGNIFICANCES OF THE MEAN OBNOXIOUS POTENTIALS OF SOME IMITATION FLAVORED AND 
OFFICIAL VEHICLES* FOR PENICILLIN G POTASSIUM 


TABLE IV. 


iy Mean Mean Mean Signifi- 
Threshold Threshold Obnoxious cance 
% Number in Water in Vehicle Potential of 
of Standard Standard Standard Dif- 
: Subjects, Error, Error, Error, ference, 
Imitation root beer syrup 15 13.73 + 0.62 16.00 + 0.32 2.27 + 0.36 3.24 
Imitation cream soda syrup 15 13.60 + 0.66 15.87 + 0.29 2.27 + 0.46 3.15 
Liquacillin® diluent (Lilly) 15 12.87 + 0.43 15.13 + 0.04 2.26 + 0.36 5.02 
Imitation maple syrup 16 13.638 + 0.66 15.63 + 0.33 2.00 + 0.46 2.70 
Imitation ginger ale syrup 15 12.87 + 0.43 14.80 + 0.28 1.98 + 0.25 3.78 
Imitation grape syrup 18 14.28 + 0.47 16.00 + 0.32 1.72 + 0.39 3.02 
Imitation butterscotch syrup 20 13.95 + 0.59 15.65 + 0.32 1.70 + 0.40 2.54 
Cacao syrup, U. S. P. 15 12.87 + 0.43 14.538 + 0.28 1.66 + 0.30 3.26 
Imitation wild cherry syrup 16 13.75 + 0.46 15.25 + 0.41 1.50 + 0.45 2.42 
Simple syrup, U. S. P. 16 14.56 + 0.39 15.88 + 0.39 1.32 + 0.36 2.54 
: Imitation raspberry syrup 16 14.638 + 0.35 15.69 + 0.36 1.06 + 0.28 2.12 
Imitation coconut syrup 19 14.84 + 0.41 15.638 + 0.31 0.84 + 0.46 1.65 


e All vehicles acid in nature were omitted due to the instability of penicillin in solutions at a low pH. 


with the exception of imitation coconut for the ob- fects. While the Liquacillin® diluent had a low 
noxiousness of this drug. While no vehicle, imita- mean disguising potential, it was superior to two of 
tion flavored or official, was better than simple syrup __ the vehicles for masking the odious taste of penicillin 
for masking either the initial or repugnant tastes of G potassium. In general, there were shown no par- 
this drug, imitation root beer and cream soda syrups ticular relationships between the mean disguising 
were superior to a number of the vehicles, including potentials of the vehicles and their respective mean 
cacao syrup, U.S. P., for disguising both of these ef- obnoxious potentials. In fact, imitation ginger ale 


| Mean Mean Mean Signifi- 
3 
= 
J 
a ~@ 
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Taste V.—Tue SIGNIFICANCES OF DIFFERENCES BETWEEN THE MBEAN OBNOXIOUS POTENTIALS OF THE 
IMITATION FLAVORED AND OFFICIAL VEHICLES Listep InN TABLE IV For PENICILLIN G PorassrumM* 


Imita- 
Imitation tion 
Rasp- Coco- 
nut 
Syrup 


Imitation Imitation 
Cream 
Soda 
Syrup 


Liqua- 
cillin® 
Diluent 
(Lilly) 


Imitation 
Imitation Ginger 
Maple Ale 
Syrup Syrup 


Imitation 
Wild 
Cherry 
Syrup 


Imitation 
Imitation Butter- 
Grape scotch 
Syrup Syrup 


Cacao 
Syrup, 
U. S. P. 


Simple 


berry 
U. S. P. Syrup 


0.05 
0.4 


0.46 


0.49 
0.69 
1.04 
1.39 
2.29 


2.10 


0.04 
0.12 
0.37 
0.75 
1.38 
1.47 


0.08 
0.33 
0.72 
1.31 
1.41 


0.30 
0.74 
1.48 
1.49 


0.31 
0.83 
1.03 


0.58 
0.81 0.41 


~~ © The italicized values indicate « significant ‘difference bet ween the respective vehicles. 


syrup, which had the lowest mean disguising poten- REFERENCE 
tial, was found to have one of the five highest mean 
obnoxious potentials and was significantly better 


(1) McLaughlin, B. L., and Becker, C. H., Tuts Journar 
than two vehicles. 
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The Use of Some Imitation Flavors for Masking 


Distasteful Drugs’ 
VII. Terramycin® Hydrochloride 


By BETTY LANKFORD McLAUGHLIN}{ and CHARLES H. BECKER{ 


The imitation flavored vehicles found best for 
masking Terramycin® hydrochloride were 
wild cherry, plain, and acid added, root beer, 
and ginger ale syrups. Several found excel- 
lent for masking the initial taste of this drug 
were not found as effective for masking the 
obnoxious effects of it, particularly within the 
5 per cent confidence levels. Cacao syrup, 
U. S. P. was significantly better than most 
vehicles, imitation flavored and official, for 
masking both effects of Terramycin® hy- 
drochloride. 


I’ EARLIER PAPERS (1, 2) it was reported that 
some imitation flavored vehicles were as ef- 
fective, and in some cases superior to, some official 
vehicles for masking the distastefulness of some 
antibiotics, aureomycin hydrochloride, and peni- 
cillin G potassium, which are frequently adminis- 
tered orally, and which are distasteful. There- 


* Received August 27, 1954, from the College of Pharmacy, 
University of Florida, Gainesville 
Presented to the Scientific Section, A. Pu. A., Boston meet- 
ing, August, 1954 
Based upon a dissertation submitted by Betty Lankford 
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fore, these investigations were continued and 
these same vehicles were evaluated as masking 
agents for the antibiotic Terramycin® hydro- 
chloride, which also is frequently administered 
orally, and also is quite distasteful. 


TABLE I.—CONCENTRATIONS OF TERRAMYCIN® Hy- 
DROCHLORIDE Usep Taste 


Concentration of 
Drug in 30-ml. 
Preparation 
890 wg./ 
mg 
0. 
0. 


Concentration of 
Drug in 4-ml. 
Taste Test 


w 


86 1.64 1.84 1.17 
‘69 2.24 2.67 1.74 
24 2.17 2.41 1.76 0 
* 
Taste 890 
Test mg Pure 
1 0.06 0.05 
2 0.09 0.08 
4 0.18 1.50 
6 0.40 3.36 ~ 
7 0.60 5.04 
8 0.90 7.57 
9 1.35 11.39 10.14 
10 2.03 17.09 15.21 
11 3.04 25.64 22.82 
12 4.56 38.46 34.23 
13 6.85 57.70 51.35 
14 10.27 86.55 77.03 
a 15 15.40 129.83 115.55 cae 
16 25. 23.11 194.75 173.33 
a 17 38.9 34.7 292.0 259.9 a 
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TABLE II.—Tue SIGNIFICANCES OF THE MEAN DISGUISING POTENTIALS OF SOME IMITATION FLAVORED AND 
OFFICIAL VEHICLES FOR TERRAMYCIN® HYDROCHLORIDE 


c 
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Mean Mean Mean Signifi- 
Threshold Thres wild Disguising cance 
Number in Water in Vehicle Potential of 
of + Standard + Standard + Standard Dif- 
Subjects, Error, Error, Error, ference 
Vehicle n me m + Mate D 
Cacao syrup, U. S. P. 16 5.88 + 0.60 12.31 + 0.46 6.43 + 0.54 8.46 
Imitation wild cherry syrup, 
acid added 15 4.53 + 0.57 9.80 + 0.45 5.27 + 0.41 7.22 
Imitation roct beer syrup 15 4.40 + 0.50 9.538 + 0.43 5.13 + 0.50 7.77 
Imitation wild cherry syrup 15 4.07 + 0.37 9.13 + 0.53 5.06 + 0.34 7.78 
Imitation grape syrup 15 4.33 + 0.45 9.20 + 0.47 4.87 + 0.51 7.49 
Raspberry syrup, U. S. P. 15 6.47 + 0.52 10.80 + 0.77 4.33 + 0.33 4.66 
Cherry syrup, U. S. P. 17 6.18 + 0.57 10.41 + 0.51 4.23 + 0.50 5.49 
Imitation coconut syrup 17 4.53 + 0.57 8.24 + 0.49 3.71 + 0.51 4.95 
Citric acid syrup, U. S. P. 17 5.88 + 0.54 9.53 + 0.63 3.65 + 0.42 4.40 
Imitation cream soda syrup 16 3.94 + 0.39 7.56 + 0.42 3.62 + 0.51 6.37 
Simple syrup, U.S. P. 16 5.38 + 0.7% 8.88 + 0.57 3.50 + 0.35 3.80 
Imitation ginger ale syrup 15 6.47 + 0.52 9.80 + 0.44 3.33 + 0.40 4.90 
Orange syrup, U. S. P. 16 5.88 + 0.60 9.19 + 0.71 3.31 + 0.54 3.60 
Imitation grape syrup, acid 
added 15 5.73 + 0.59 9.00 + 0.47 3.27 + 0.52 4.51 
Imitation butterscotch syrup 16 4.62 + 0.55 7.75 + 0.56 3.13 + 0.47 4.01 
Imitation maple syrup 17 5.12 + 0.32 8.18 + 0.36 3.06 + 0.37 6.19 
Imitation raspberry syrup 17 5.67 + 0.59 8.82 + 0.57 3.06 + 0.58 3.73 
Imitation raspberry syrup, 
acid added 16 5.75 + 0.62 8.50 + 0.50 2.75 + 0.58 3.27 


TABLE IV.—THE SIGNIFICANCES OF THE MEAN OBNOXIOUS POTENTIALS OF SOME IMITATION FLAVORED AND 


OFFICIAL VEHICLES FOR TERRAMYCIN® HYDROCHLORIDE 


Mean 


Threshold 
Number in Water 
of + Standard 
Subjects Error, 
Vehicle n me = €2 
Cacao syrup, U. S. P. 16 9.69 + 0 
Cherry syrup, U.S. P. 17 10.06 + 0 
Raspberry syrup, U. S. P. 15 10.00 + 0. 
Imitation ginger ale syrup 15 10.00 + O. 
Imitation wild cherry syrup 15 9.27 + 0. 
Imitation root beer syrup 15 9.538 + 0. 
Imitation wild cherry syrup, 
acid added 15 9.40 + 0. 
Simple syrup, U. S. P. 16 9.75 + 0 
Citric acid syrup, U. S. P. 17 9.82 + 0. 
Imitation maple syrup 7 9.18 + 0. 
Imitation coconut syrup 17 9.29 + 0. 
Imitation raspberry syrup, 
acid added 16 10.19 + 0 
Orange syrup, U. S. P. 16 9.81 + 0 
Imitation grape syrup 15 9.60 + 0. 
Imitation raspberry syrup 17 9.94 + 0 
Imitation butterscotch syrup 16 8.06 + 0 
Imitation grape syrup, acid 
added 15 10.00 + 0 


EXPERIMENTAL 


The imitation flavored and official vehicles, taste 
test solutions and controls, and method of evaluating 
the vehicles are the same as used in the study of 
Aureomycin hydrochloride (1). 

Concentrations of Terramycin® Hydrochloride 
Taste Test Preparations.—Seventeen concentrations 
of Terramycin® hydrochloride! (chemical potency 890 
ug./mg.) were used ranging from 0.44 mg. to 292.02 
mg. of drug in each 30-ml. preparation. A ratio of 


1 Supplied by Chas. Pfizer & Co., Inc., New York, N. Y. 


Mean Mean 


Threshold 


Obnoxious 

in Vehicle Potential of 
+ Standard + Standard Dif- 
Error, Error, ference 
mta D 
5O 14.75 + 0.51 5.06 + 0.58 7.13 
38 13.12 + 0.37 3.06 + 0.25 5.77 
64 12.87 + 0.64 2.87 + 0.78 3.15 
64 12.80 + 0.52 2.80 + 0.47 3.41 
37 11.87 + 0.53 2.60 + 0.54 4.00 
57 12.13 + 0.51 2.60 + 0.41 3.42 
38 11.98 + 0.38 2.53 + 0.43 4.69 
46 12.13 + 0.42 2.38 + 0.42 3.84 
45 12.18 + 0.58 2.36 + 0.37 3.23 
57 11.59 + 0.538 2.31 + 0.32 2.97 
53 11.41 + 0.57 2.12 + 0.51 2.7: 
70 12.19 + 0.60 2.00 + 0.49 2.17 
47 11.75 + 0.72 1.94 + 0.50 2.28 
57 11.53 + 0.53 1.93 + 0.50 2.54 
67 11.71 + 0.60 1.77 + 0.36 1.97 
36 9.69 + 0.55 1.638 + 0.438 2.50 

55 11.47 + 0.49 1 + 
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1:1.5 existed between each adjacent strength, and 
the tests were numbered from 1 to 17, respectively 
in ascending order of concentration. The drug was 
not completely soluble in higher concentrations and 
suspensions were used. As in the Aureomycin 
hydrochloride study (1) suspending agents were not 
added as the drug remained suspended for a long 
enough time after agitation for the taste tests to be 
conducted. The numbers of the solutions or sus- 
pensions with the corresponding concentrations, in 
milligrams, of Terramycin® hydrochloride, and of the 
pure drug, contained in a 4-ml. taste test and, also 
in a 30-ml. preparation are given in Table I. 


| 

| 


s¢ 0 


Vol. XLIV, No. 2 


ooo 


2% 


oo 


‘oo 


dnsAg asia P2PPV dnskg dnskg as n asa dnsdg 
dsey 


NI IVIDIAAQ GNV NOLLVLIK] AHL AO SIVILNALOG AHL NAAMLSA AHL AO SAONVOIAINOIG AKL — 


06 


60 
69 
18 
82 
00 
It 0 


0 cr oO I¢ 0 3 cl 
0 60°0 
ZI £0°1 

t8°0 

09° 0 

0 

0 

60°0 


< 
3 
5 
Zz 
5 
x 
=< 
= 
2, 


t~ 
= 


NNN 


~ > 


dnskg dnsig Peppy asa dashg asa dnsts asin dnidg ra asa dnsAg dnsAg 
adey y}098 prey ‘dnsdg ‘dnsig Bpes ‘dnsAg ‘dnsAg ‘dnssg 4394 
PUM 


122 
ty 
is | 
gu sa < | 
f 
4 
ooc 
10 
eee | 
3 
| 
| 
| 
be 
| 
| 4 
| = 
+ 
69 09 03 . ABSSRESSZSALBN 2 
= 
= 
; 


® The italicized values indicate the significant Jife.ence between the respective vehicles 
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Results of Taste Tests.—Tables II and IV show 
that all vehicles were significantly better than water 
for masking the initial taste of Terramycin® hy- 
drochloride and that all except’ imitation raspberry 
and grape, acid added, syrups were more effective 
than water for masking the obnoxiousness of this 
drug. 

For masking the initial taste of Terramycin® hy- 
drochloride, Table III shows that imitation root 
beer, and wild cherry, plain, and acid added, were 
significantly better than simple syrup, as well as 
superior to a number of the other vehicles, both imi- 
tation and official. In addition to these, imitation 
flavored grape proved a better vehicle than a number 
of other vehicles. No imitation flavored vehicle 
was significantly better than the official cherry and 
raspberry syrups. The addition of citric acid to the 
imitation fruit flavors significantly lowered the mean 
disguising potential of grape, but did not signifi- 
cantly affect those of raspberry and wild cherry. 
Cacao Syrup, U. S. P. was significantly better than 
all vehicles, except wild cherry, acid added, and root 
beer. Of the other official syrups, cherry, citric 
acid, and orange were not better than any vehicle, 
including simple syrup. Raspberry syrup, U. S. P., 
also, was not better than simple syrup, but was 
better than the three vehicles having the lowest 
mean disguising potentials. 

Table V shows that no vehicle, imitation flavored 
or official, except cacao syrup, U. S. P., was signifi- 
cantly better than simple syrup. Imitation ginger 
ale syrup was superior to imitation grape, acid added, 
for masking the obnoxiousness of Terramycin® 
hydrochloride, this being the only observed signifi- 
cant difference between any of the imitation flavored 
vehicles. Imitation wild cherry, plain, and acid 
added, root beer, and ginger ale syrups were better, 
with differences within the 10 per cent level, than 
some other vehicles. No significant effects were 
produced by adding citric acid to the imitation fruit 
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flavored syrups. Cacao syrup, U. S. P. was signifi- 
cantly better than all vehicles, and cherry syrup, 
U.S. P. superior to a few vehicles, for disguising the 
obnoxiousness of this drug. It can be thus seen that 
very few vehicles showed significant differences 
among themselves in this table. 


DISCUSSION AND CONCLUSIONS 


All vehicles in this study were superior to water 
for masking the initial taste of Terramycin® hy- 
drochloride and all except imitation raspberry and 
grape, acid added, syrups were more effective than 
water for masking the obnoxiousness of this antibi- 
otic. While imitation root beer, wild cherry, plain 
and acid added, and grape syrups were good vehicles 
for masking the initial taste of this drug, none of 
these were significant within the 5 per cent level for 
masking its unpleasantness. These first two were 
significant between the 5 and 10 per cent levels for 
masking the obnoxiousness of this drug, however. 
On the whole, the official vehicles were not found 
to be good, except cacao syrup, U. S. P., for Terra- 
mycin® hydrochloride. In this study it was found 
that the addition of citric acid to imitation grape 
flavor significantly lowered its mean disguising po- 
tential but did not alter the mean disguising poten- 
tials or mean obnoxious potentials of the others. In 
previous studies on these vehicles for other antibi- 
otics (1, 2) citric acid did not significantly affect any 
of the potentials. While cacao syrup, U. S. P. 
had the highest mean disguising and obnoxious 
potentials, there were not any other observed rela- 
tionships among the other vehicles for Terramycin™ 
hydrochloride. 
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Effect of Carbonic Anhydrase Inhibitors and Antacids 
on the Development of Gastrointestinal Ulcers 
during Treatment with Depot-Histamine* 


A Preliminary Report 


By JOS. W. E. HARRISSON,+ E. W. PACKMAN, } P. S. GUTH, N. BACK, and W. S. 
CHERNICK 


Depot-histamine-induced gastrointestinal ulceration in guinea pigs was used as the 
criterion for the evaluation of antiulcer effect. Dihydroxy aluminum sodium carbo- 
nate and dihydroxy aluminum aminoacetate were found to be the most effective of the 
antacids tested. Two powerful carbonic anhydrase inhibitors proved to be ineffective. 


OTENTIAL ANTIULCER DRUGS are usually ex- 
amined for their buffering, coating, antise- 
cretory ability, and absence of acid-rebound ef- 
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fect. Gastrointestinal ulceration is, however, a 
complex phenomenon in which factors such as 
vasospasm, antipepsin content, and mucous 
secretion of the mucosa are involved. A good 
antacid is not necessarily a good antiulcer agent. 
The ultimate test of antiulcer activity is, of 
course, clinical usefulness. Some of the difficul- 
ties and pitfalls of clinical testing of antisecre- 
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tory and antiulcer agents have been discussed by 
Rowlands, et al. (1). The method of Shay, et al. 
(2) for the production of gastric ulcers in rats has 
recently been criticized by Madden, ef al. (3), and 
others. These investigators believe that the 
pathogenesis of acute ulceration in the stomach of 
the pylorus-ligated rat of Shay, et al., is unrelated 
to that of clinical gastrointestinal ulcers. On the 
other hand this method may be a good indicator 
of acid secretion and thus suitable for the testing 
of antisecretory drugs. 

It is a frequent observation that animals sur- 
viving for a period of time after the administra- 
tion of toxic doses of histamine, often exhibit 
gastrointestinal ulceration. If guinea pigs are 
pretreated with antihistamines, then injected 
with extremely large doses of histamine, gastro- 
intestinal ulcers will develop within twenty-four 
hours and the animals may die of gastrointestinal 
perforation and peritonitis. The antihistamines 
do protect against the respiratory, cardiovas- 
cular, etc., effects of histamine but are ineffective 
against its gastric-secretion-stimulating as well as 
gastreintestinal ulcer-inducing effect (4-6). Thus 
they prolong the life of the animal sufficiently to 
develop ulcers. Hay, et al. (7), demonstrated 
that daily injections of histamine in oil and bees- 
wax cause gastrointestinal ulceration in a wide 
variety of species, the histologic picture of which 
is quite similar to human ulcers. 

The ain of the present study was (a) to in- 
vestigate the usefulness of the procedure of Hay, 
et al. (7), in testing the antiulcer effect of a mun- 
ber of well-known antacids and in addition a new 
antacid—dihydroxy aluminum sodium carbon 
ate (DASC), (6) to study the possible antiulcer 
effect of two new potent carbonic anhydrase i: 
hibitors, Diamox® (2-acetylamino-1,8,4-thiadia- 
zole-5-sulfonamide) (6°63) (American Cyana- 
mide C.),' and Dirnate® (p-Carboxybenzene sul- 
fonamide) (Sharp & Dohme, Division of Merck 
& Co ).? 

Davenport and associates (8, 9) demonstrated 
the presence of carbonic anhydrase in the gastric 
mucosa, particularly in the parietal cells and indi- 
cated its possible role in gastric acid secretion. 
This was confirmed by Davies (10). A number 
of weak carbonic anhydrase inhibitors were found 
to be ineffective in inhibiting gastric acid secre- 
tion, until the new powerful inhibitors, Diamox® 
and Dirnate® became available. Janowitz, et al. 
(11), could inhibit histamine-induced acid secre- 
tion in the Heidenhain pouch dog with Diamox®, 


! Our thanks are due to Dr. R. O. Roblin, Jr. of the Ameri- 
can Cyanamid Co. for supplying this material. 

* We are greatly indebted to Dr. Richard H. Barnes of 
Sharp & Dohme for providing us with Dirnate. 
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Birnbaum, et al. (12), demonstrated inhibition of 
the secretion of pancreatic juice (volume and bi- 
carbonate content) by Diamox®. Presently 
Diamox® and Dirnate® are mainly used in thera- 
peutics as diuretics and to increase scdium and 
potassium excretion. 


METHODS 


English smooth hair male guinea pigs of 250-300 
Gm. body weight were used. Gastrointestinal 
ulcers were produced according to a modification of 
the method of Hay, ef al.(7). The animals received 
daily a subcutaneous injection of 2 mg./Kg. Ben- 
adryl® followed by an intramuscular injection (into 
the back musculature) of 25 mg./Kg. histamine di- 
phosphate and 5 mg./Kg. Benadryl® in beeswax 
and oil. Aqueous suspensions of the antacids were 
given by intraesophageal administration in two 
doses; in the morning and in the evening. Carbonic 
anhydrase inhibitors were given subcutaneously pre- 
ceding each injection of histamine and additional 
quantities were incorporated into the beeswax and 
oil containing the histamine. All survivors were 
autopsied on the 10th day and the stomach and duo- 
denum examined for ulceration. Animals which 
died during the experimental period were autopsied 
as soon after death as possible. Degree of ulcera- 
tion (0, 1 to 4 plus) was established and the index of 
ulceration calculated according to the arbitrary 
standards and formula of Pauls, et al. (13). 

According to this formula: 


Index of ulceration = 
Mean degree of ulceration X % of group ulcerated 
100 


The drugs were incorporated into beeswax and oil 
in the following manner: Histamine diphosphate 
powder was kept in a desiccator prior to use for at 
least twenty-four hours. It was triturated in a 
preheated mortar until it became homogeneous. 
Then the amount desired was weighed into a second 
heated mortar and melted beeswax was gradually 
added. This mixture was triturated until homoge- 
neous, then hot mineral oil was added and again 
triturated. Antihistamine or carbonic anhydrase 
inhibitors if incorporated were treated similar to 
histamine. One daily dose of all drugs was incor- 
porated into about 0.1 ml. of the beeswax-mineral 
oil mixtures. The ratio of beeswax to oil was about 
1:3.4ml. This mixture while molten can be drawn 
into a preheated tuberculin syringe and can be in- 
jected through a 20 gauge needle. Upon injection 
it solidifies and forms a depot, the absorption of 
which takes about twenty-four hours. This pro- 
cedure has to be followed exactly, if the histamine 
contains water, or is not homogeneously distributed, 
ulcers will not be produced. The ratio of beeswax 
and oil must be established for each lot of material 
and the “depot histamine’’ tested for rate of ab- 
sorption in preliminary studies preceding each ex- 
periment. 

Antihistamines were used as a protective mech- 
anism, since they have been shown not to influence 
histamine-induced gastrointestinal ulceration (4-6) 
yet to protect against the toxic effects of histamine. 
Carbonic anhydrase inhibitors were given subcutane- 
ously as well as in the depot, in order to produce uni- 
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TABLE I.—Dose LEVELS oF VarrouS DruGs AND RESULTS 


No. of Animals with Uleers/ 
Total No. of Animals 


Daily Treatment 
25 mg./Kg. depot-histamine and 5 
mg./Kg. Benadryl i.m.; 2 mg./ 
Kg. Benadry! s.c. 
DASC 2 X 0.05 Gm. 


Pp. os. 

DASC 2 X 0.5 Gm. 
Pp. Os. 

Dihydroxy aluminum 
amino acetate 2 X 
0.05 Gm. p. os. 

CaCO; 2 X 0.05 Gm. 


Pp. Os. 

CaCO; 2 X 0.5 Gm. 
Pp. os. 

x 0.05 
Gm. 

0. 0.02 Gm./Kg. 
im. depot and 0.02 
Gm. s.c. 

Dirnate® 0.02 Gm./Kg. 


im. depot and 0.02 
Gm./Kg. s.c. 


17/21 83. 
6/10 0.90 


form action for twenty-four hours. Single sub- 
cutaneous doses of these compounds are effective 
only for about four to six hours. 


RESULT AND DISCUSSION 


The dose levels used of the various drugs and the 
results obtained are shown in Table I. It appears 
that the carbonic anhydrase inhibitors Diamox® and 
Dirnate® did not influence gastrointestinal ulcera- 
tion. Sodium bicarbonate had only a slight benefi- 
cial effect. Calcium carbonate was more effective, 
but the higher dose was slightly less effective than the 
lower dose. Dihydroxy aluminum sodium carbon- 
ate (DASC) as well as dihydroxy aluminum amino- 
acetate were highly effective in the low dose range. 
The high dose of DASC was the most effective of all 
drugs used in this study. 

It is recognized by the authors that the patho- 
mechanism of this type of gastrointestinal ulceration 
may still be different from many types of clinicai 
ulceration. This study is therefore preliminary and 
further studies should be planned to select methods 
more closely approaching clinical situations and 
most suitable for large scale screening of antiulcer 
agents. 


SUMMARY 


1. Gastrointestinal ulcers were produced in 
guinea pigs by the intramuscular injection of 


Mean 
Degree of 
Ulceration 


of Animals 
with 
Uleers 


Index of 
Ulceration 


2.62 2.12 


0.54 
0.22 


0.65 
1.05 
1.55 
1.71 


depot-histamine-antihistamine mixtures. 

2. The carbonic anhydrase inhibitors Diamox 
and Dirnate® given subcutaneously and in intra- 
muscular depot did not inhibit ulceration. 

3. Antacids given orally, twice daily, were 
effective in the following order of decreasing ac- 
tivity: DASC 0.5 Gm. > DASC 0.05 Gm. and di- 
hydroxy aluminum aminoacetate 0.05 Gm. > 
CaCO; 0.5 Gm. and 0.05 Gm. > NaHCO, 0.05 
Gm 
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A Note on the Aqueous Solubilities of Dibenamine® and 
Dibenzyline” Hydrochlorides* 


By STEWART C. HARVEY and MARK NICKERSON} 


iy CONNECTION with a study of the transformation 
and chemical reactions of the adrenergic blocking 
agents Dibenamine® (NV, N-dibenzyl-8-chloroethyl- 
amine) and Dibenzyline® (N-benzyl;- N - phe- 
noxyisopropyl-8-chloroethylamine) and of related 
compounds (1, 2) it became necessary to investigate 
their aqueous solubilities and to estimate the mini- 
mal concentration of ethanol in water necessary to 
promote solution of the drugs. The solubilities of 
Dibenamine® and Dibenzyline® hydrochlorides 
and the methods employed for their determination 
may be of interest to future investigators. 

The aqueous solubilities of both drugs were too 
low to be determined by several of the usual meth- 
ods. Consequently, the two following methods 
were devised to permit an approximation] thereof. 
In the first method, called the Turbidometric Method 
I, sufficient quantities of glass-distilled water were 
added to varying volumes of an agitated ethanolic 
solution of 0.0600 mg./ml. of Dibenamine® hydro- 
chloride or Dibenzyline® hydrochloride to make a 
total volume of 5.00 ml. The resulting turbidity 
was determined immediately with a Klett-Summer- 
son photoelectric colorimeter. The turbidity read- 
ing was plotted against the final concentration of 
drug; the relationship was essentially rectilinear, as 
shown in Fig. 1. The solubility was estimated by 
extrapolation to zero turbidity, and the intercept 
was taken to be the amount of drug remaining in 
solution. The concentration of ethanol in the me- 
dium at the points of intercept was 0.01-0.02%, so 
that the solubility expressed may be considered to 
be that in water alone. By this method the solu- 
bilities for Dibenamine® and Dibenzyline® hydro- 
chlorides were approximately 5 KX 10° and 1 X 
mg./ml., respectively. 

The second method, called the Visual Method II, 
consisted of the addition, to 1.0 ml. of an ethanolic 
solution containing varying concentrations of the 
drug, of enough water to produce a just-visible tur- 
bidity. The log of the final concentration of the 
drug in the mixture was plotted against the ratio of 
ethanol: water in the final mixture, and a straight 
line was obtained. The solubility was estimated 
by extrapolation to the drug-concentration axis, 
i. e., to the point where ethanol: water was zero 
(Fig. 2). By this method the estimated solubili- 
ties of the hydrochlorides of Dibenamine® and Di- 
benzyline® were 2 X 10° and 2.5 X 10~* mg./ml., 
respectively. The values obtained by either 
method are not presumed to be exact, but they serve 
to establish values for the range and upper limit of 
the aqueous solubilities of these two drugs. It is 
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Fig. 2.—Ratio EtOH: H:O 


also noteworthy that beyond approximately 66 vol- 
umes-per cent of ethanol for Dibenamine® hydro- 
chloride and 69 volumes-per cent for Dibenzyline® 
hydrochloride a sharp increase in drug solubility 
occurs, such that quite high concentrations of drug 
may be obtained in solutions containing concentra- 
tions of ethanol greater than these. 
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BY FLOYD E. ANDERSON 


a the commercial availability of pure 
synthetic glucuronolactone (1) it became of 
interest to prepare and examine a number of deriva- 
tives of this biochemically important compound for 
their medicinal value. Reported here is a product 
of the interaction of glucuronolactone and chloral. 

Chloral hydrate is regarded as a valuable sedative 
and hypnotic (2). However, numerous chemical 
derivatives of chloral have been made in attempts 
to improve its action, to eliminate its bitter, caustic 
taste and to diminish its irritating effect on the ali- 
mentary tract (3, 4). 

Sedative and hypnotic properties have been noted 
in cyclic acetals derived from chloral and such poly- 
ols as glycerol (5) and glucose (6) . 

The preparation of a cyclic acetal from chloral 
and glucuronolactone was thought to be a desirable 
objective since such a compound would have within 
itself the means of its own detoxification. The 
assumption was, of course, that it would be metabo- 
lized hydrolytically to the glucuronide, a hemi- 
acetal. It is a well-established fact that chloral is 
detoxified in man by reduction to the corresponding 
alcohol and subsequent elimination in the urine as 
the glucuronide (7). 

Efforts to cause glucuronolactone and chloral to 
interact by azeotropic distillation (8) were unsuc- 
cessful. Equimolar amounts of the interactants 
when treated with cold concentrated sulfuric acid 
(9) produced a compound identical with that of 
Drefahl and Matschke (10). These investigators 
prepared their compound by the oxidation of 8- 
chloralose with nitrogen dioxide and established the 
structure to be the 1,2-trichloroethylidene deriva- 
tive (1) of glucuronolactone. A record of its having 
been tested for sedative and hypnotic effects has not 
hitherto appeared in the literature. 


HC—O. 
| CCl 
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A Note on the Preparation of a Cyclic Acetal from Chloral and 
Glucuronolactone* 


and ERNESTINE GELBLUM 


The compound does not appear to possess useful 
sedative or hypnotic properties.' In mice the oral 
LDw dose is 540 mg./Kg. Delayed deaths appear 
at dose levels of 200 mg./Kg. When tested in vitro 
for its inhibitory properties on six represectative 
pathogenic fungi, it was shown to be essentially in- 
active. 


PREPARATION 


A mixture of 30 cc. of concentrated sulfuric acid 
and 36.8 Gm. (0.25 mole) of anhydrous chloral was 
cooled and maintained at —5°. Glucronolactone 
(44.0 Gm.; 0.25 mole) was added in small portions 
with stirring. The pasty mass was stirred inter- 
mittently over a four-hour period; it was then 
slowly poured with rapid stirring into a mixture of 
300 Gm. ice and 100 cc. water. The impure pre- 
cipitate when filtered and dried weighed 22.0 Gm. 
After recrystallization from distilled water three 
times, the white crystalline product weighed 15.0 
Gm., m. p. 184-186°; [a]4§ +30.5° (c 5.0, pyri- 
dine) .* 

Anal.—Calcd. 
2.24; Cl, 34.82. 
34.91. 


for C.sH;ClhO,: C, 31.46; H, 
Found: C, 31.67; H, 2.52; Cl, 


SUMMARY 


The cyclic acetal resulting from the interaction of 
chloral and glucuronolactone has been prepared and 
identified. 

Pharmacological screening has shown the absence 
of useful sedative or hypnotic activity. The com- 
pound appears to have no antifungal activity. 


REFERENCES 
(1) Elder, A. L., and Faith, W. L., 
(1952). 

(2) Goodman, L., and Gilman, A., “The Pharmacological 
Pasis of Therapeutics.’ Macmillan Co., New York, 1941, p. 
178; Payne, L. C., Am. J. Vet. Research, 15, 468(1954). 

(3) Frankel, S , ‘‘Arzneimittel Synthese,”’ Julius Springer, 
Berlin, 1927, p. 486 

(4) Kaufmann, H. P., “Arzneimittel Synthese,’ Springer 
Verlag, Perlin, 1953, pp 25-26. 

(5) Butler, T. C., J. Pharmacol. Exptl. Therap., 81, 72 
(1944), 

(6) Heffter, A., Ber., 22, 1050(1889); Butler, T. C., J. 
Pharmacol. Exptl ap, 74, 118 (1942) 

(7) Williams, R ‘Detoxication Mechanisms,"’ Chap- 
man and Hall Ltd., London, 1947, pp. 27-29. 

(8) Salmi, E. J., , 71, 1803 (1938) 

(9) Coles, H. W., cnt te L. D., and Hixon, R. M., J. 
Am. Chem. Soc., $1, 519(1929) 

(10) Drefah!, G., and Matschke, F. W., Chem. Ber., 82, 
484(1949). 


Chem. Week, 70, 26 


' The authors wish to acknowledge their indebtedness to 
Dr. R. J. Schachter for the pharmacological data and to 
Fred Barkley for the microbiological examination. 

* Drefahl & Matschke (ref. 10) reported a m. p 187° and 
+31.3° (c 2.0, pyridine). 


| 

| 

| 

|  HCOH 

127 


Book Notices 


The Kinetic Basis of Molecular Biology. By FRANK 
H. Jounson, Henry Eyrinc, and Mitton J. 
PoxtssaR. John Wiley & Sons, Inc., New York 
(Chapman & Hali, Ltd., London), 1954. 874 pp. 
16x 24cm. Price $15. 

This is the first book in which modern reaction 
rate theory, developed since 1935, is extensively and 
systematically applied to the interpretation of 
biological reactions. The authors have used mathe- 
matics as needed to present the material in accord- 
ance with the basic laws governing the behavior of 
atoms, molecules, and ions. They review the 
essentials of themodynamics, and of classical, 
quantum and statistical mechanics; and the cal- 
culation of a four-atom reaction from first principles 
isillustrated. The text includes many illustrations, 
and an extensive bibliography and author index and 
a subject index are appended. This will undoubtedly 
be a valuable reference for those interested in this 
phase of biology. 


Reports on the Progress of Applied Chemistry. Vol. 
38. Socrery or Cuemicat INpustRY. Interscience 
Publishers, Inc., New York, 1953. 989 pp. 
14x 22cm. Price $6.50. 

As indicated by the title, this book outlines the 
progress of applied chemistry during 1953. It is 
divided into seven principal divisions under the fol- 
lowing titles: Fuel and Fuel Products; Organic 
Chemistry; Inorganic Chemistry; Biological Prod- 
ucts; Textiles, Plastics, Adhesives and Paints; Food 
and Agriculture; and Chemical Engineering and 
Water. Each main division is divided into several 
chapters, each contributed by authorities in the 
fields covered. The sections of principal pharma- 
ceutical interest are those devoted to fine chemicals 
and medicinal substances; cosmetics and toilet 
preparations; fats, fatty oils and detergents; plas- 
tics; essential oils; general microbiological proc- 
esses; and enzymes. References to the original 
literature upon which the various reports are based 
appear at the end of each chapter. Thus, the book 
serves as a useful reference in the compilation of 
bibliographies on the subjects covered. 


Einfiihrung in die Biologische Registriertechnik. By 
Dr. Med. Kienscn. Georg Thieme 
Verlag, Stuttgart, 1954 (Intercontinental Medical 
Book Corporation, New York 16, N. Y.). x + 
222 pp. 24.75x17.75cm. Price $4.85. 

This book is intended to be an introduction to the 
field of biological registration. As it owes its exist- 
ence to courses given by the author, it is arranged 
progressively in accordance with the complexity of 
the apparatus and the difficulty of operation. Dr. 
Klensch's small volume does not propose to compete 
with the large standard works in the field like 
Abderhalden or Bethe-Bergmann, but has the advan- 
tage, due to its small format, of being reasonably up 
todate. The presentation is clear, uncomplicated by 
mathematical formulations, and illustrated by draw- 


ings which are practically self-explanatory. The 
almost complete neglect of the non-German litera- 
ture in the voluminous bibliography (over 400 items) 
was a matter of very considerable surprise to us. 


Somministrazione dei Farmaci per Via Rettale: Tecnica 
de Preparaszione delle Forme Farmaceutiche. By 
G. Gracomini and E. Mascireiur. Gitti Edi- 
tore, Milan, 1954. 341 pp. 24x 17cm. Price 
L 3500. 

This book, which discusses the administration of 
pharmaceuticals by the rectal route or, in othe 
words, suppositories, fills a definite gap in pharma- 
ceutical literature. No comprehensive modern 
treatise on this subject seems to be availab!e in the 
English or American literature. The first oart of 
the work is given over to the anatomicai background, 
the problem of absorption and the therapevtic 
indications arranged according to organs ero 
The second part takes up excipients in genera!, aiti- 
mal experimentation, gelatine, glycerin, ; reserva 
tives, and, in great detail, the techniques used in t!..: 
preparation of suppositories. Especially valuable is 
a long chapter (over 50 pages) on preparation of 
uncommon medicines for rectal administration. 
The bibliography contains references up to, and 
including, 1953. Highly recommended. 


Organic Reactions. Vol.8. RoGer Apams, Editor- 
in-Chief. John Wiley & Sons, Inc., New York, 
1954. viii + 437 pp. 15.5 x 23.5 cm. Price 
$12. 

This is the eighth volume of a series on organic 
reactions, the first of which appeared in 1932. The 
aim of the series has been to provide a compilation 
of all important synthetic chemical reactions, and 
this purpose has been fully accomplished. In the 
current volume, as in the earlier ones, each chapter 
has been written by chemists who have had special 
experience with the particular reaction discussed. 

In each chapter of the entire series a comprehen- 
sive survey of each reaction covered is presented, 
including a general discussion of method, modifica- 
tions, examples of applicability, special precautions, 
a detailed description of the procedure, expected 
yields, and other pertinent data. Compounds which 
have been prepared, or subjected to the reaction 
under discussion, are tabulated in each chapter. 

The reactions covered in this volume are indicated 
by the chapter headings: A Catalytic Hydrogena- 
tion of Esters to Alcohols; The Synthesis of Ketones 
from Acid Halides and Organometallic Compounds of 
Magnesium, Zinc, and Cadmium; The Acylation of 
Ketones to Form 8-Diketones or 8-Keto Aldehydes; 
The Sommelet Reaction; The Synthesis of Aldehydes 
from Carboxylic Acids; The Metalation Reaction 
with Organolithium Compounds; §8-Lactones; and 
The Reaction of Diazomethane and its Derivatives 
with Aldehydes. Adequate references to the original 
literature are cited and the book is provided with 
an excellent subject index. 
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1. 1640—Sulfonation, Graduated 

2. 1480—Reagent, Plain, Wide Mouth, 
Without Stopper 

3. 1340—Dropping, With Pipettes, F 


4. 1560—Reagent, Plain, Narrow 
Mouth, With Inverted $ Stopper 


5. 1620—Specific Gravity, Hubbard- 
Carmick 

6. 635—Milk Dilution, Graduated, 
With Screw Cap 

7. 1220—Aspirator, Outlet for Tubing 


8. 1380—Reagent, Lettered, Narrow 
Mouth, With Flat Head $ Stopper 


9. 1260—Centrifuge, Original Form 


10. 570—Culture, Roux, With Offset 
Neck 


PYREX® laboratory ware 


What do you put in bottles? 


Some folks stick ships in bottles. Others send messages 
via ocean currents. 

But, these are not the people we make bottles for. The 
bottles you see on this page are for you . . . laboratory 
people. Made of Pyrex brand glass No. 7740, such bottles 
are acid resistant, rugged, transparent, precise. They hold, 
store, mix, disperse—do just about anything and every- 
thing you'd ever expect from a lab bottle. 

And, these bottles come in all kinds of shapes and sizes. 
Those shown are part of our almost incredible collection. 
You can order them from your lab supply dealer. 

Or, if you want the bible on bottles, send for your copy 
of “Laboratory Glassware,” Catalog LP-34. Copiously 
illustrated, it gives you a complete rundown on PyYREXx 
ware for your labs—tubing, flasks, test tubes, condensers— 
in fact, a collection of ware you didn’t dream was ready- 
made by people at Corning for Corning means research 
in glass. 

Don’t battle for bottles—use the Pyrex line! 


Corning Glass Works 
Corning, New York 


.-. the tested tool of modern research 
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A Versatile Physical Conditioner For All Y our Pharmaceuticals 


VEEGUM enhances the physical qualities of your tab- 
lets, powders, pastes and liquids. Inorganic,non-toxic, 
non-irritating, VEEGUM is a completely 4 = 
pending and emulsifying agent. Highest Re 
uniformity is assured by the rigid control of the R. J 
Vanderbilt Company laboratories. 


IN YOUR OWN LABORATORY, you wili find VEEGUM 


the most efficient agent for: 


BINDING AND DISINTEGRATING TABLETS: 

An aqueous dispersion of VEEGUM, sprayed in at 
the granulating stage, will bind most "ablets without 
extra operations. Its disintegrating action requires 
only one tenth as much VEEGUM as starch or other 


0 Please send VEEGUM Bulletin B53. 
0 Please send info-mation on using VEEGUM for: 


LUBRICATING MEDICINAL POWDERS: Acd the VEE- 
GUM as a dry powder; very little is neeaed. 


SUSPENDING HYDROPHOBIC SOLIDS: VEEGUM sus- 


pends at lower viscosity than organic gums. Thix- 
otropic characteristics give added suspending ability. 


EMULSIFYING LOTIONS and OINTMENTS: Dispersions 
of VEEGUM are effective emulsifiers with or without 
heat. Small amounts of VEEGUM stabilize many 
types of emulsions over a wide range of pH. 

MAINTAINING PRODUCT CONSISTENCY: vEEGUM 
has the unique property of thickening with heat to 


maintain product consistency at higher than normal 
temperatures. 


T. VANDERBILT CO. 


SPECIALTIES DEPARTMENT 


NEW YORK 17, N. Y. 
(0 Please send sample of VEEGUM. 


(state application ) 


(Please attach to or write on your company letterhead ) 


isintegraters. 
230 PARK AVENUE 
TODAY 
FoR 
vetoum 
srory. 


